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STUDIES OF THE ETIOLOGY AND CONTROL OF 
BLISTER CANKER ON APPLE TREES 
By J. R ALPH COOPER 
INTRODUCTION 
The blister canker caused by Nummularia discreta Tul. is 
by far the most destructive disease of apple trees found in the 
United States. Serious damage due to this disease was first 
reported in Illinois in 1902. Since that time the disease has 
been reported to cause much damage in all apple-producing 
sections east of the Rocky Mountains. In Nebraska the dis-
ease is so prevalent that it is practically impossible to find an 
orchard free from it, and in many instances whole orchards 
have been destroyed thru its attacks. 
Because of the rapid dissemination and the destructive 
nature of blister canker, the writer in the fall of 1912 began 
a series of experiments in an attempt to find some means of 
controlling it. It was soon found that little progress could 
be made in this direction without a thoro knowledge of the 
etiology of the disease. Accordingly this phase of the work 
was taken up in 1914 and both phases continued to date. 
DISTRIBUTION 
Our present knowledge of Nummularia discreta indicates 
that it causes a serious disease only of various species of 
Malus. However, it has been reported to cause cankers on 
Amelanchier, Gleditsia, Sorbus, Cercis, Ulmus, and Mag-
nolia. The writer has succeeded in inoculating artificially 
both Pyrus communis and Amygdalus persica. Altho no 
characteristic cankers have appeared on either of these, micro-
scopic examination has shown an abundance of invading 
hyphae thru the discolored area of the wood. 
Since 1902, when it was reported as a destructive disease 
in orchards in Illinois, it has been reported in every apple-
growing section east of the Rocky Mountains. It is especially 
The w riter is und er great obli gati o n s to Dr. E . M ead W il cox and Prof. 
R . F . Howard for valua bl e s u g ges tions a nd encourage m e nt, to Dr. Florence 
A . McCormick f o r a d vice and assistance in h isto logy a nd m!crotechnique, 
to Grove M. Porte r a n d En1111ett B . Catte r so n fo r ass istan ce in making in-
ocul a ti on s, and to M iss Edna Beaty for assistan ce in assembling and c h eck -
ing d ata. 
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destructive in the region known as the Middle W est,-Illinois, 
Indiana, Ohio, Iowa, Missouri, Kansas, and Nebraska. 
Practically every orchard in the State has more or less 
infection. The extent of infection and amount of damage 
varies, as will be shown later, with the varieties of apples, soil 
conditions, amount of precipitation, and general weather con-
ditions. 
Owing to the fact that the fungus is a wound parasite and 
since the disease may exist in a tree for several seasons before 
becoming conspicuous or even noticeable, the distribution of 
infections appears very irregular and scattered in an orchard. 
Even when trees become infected at the same time, the dis-
ease shows externally on some trees long before it can be 
detected on others. After a time the disease becomes notice-
able on all the infected trees, and finally they are killed. It is a 
common sight in Nebraska to see dead trees here and there 
thruout an orchard, and especially in neglected orchards to 
see whole blocks of dead trees, with here and there a tree 
which still has a few limbs bearing foliage and small apples. 
HISTORY 
The causal fungus was first described in America by 
Schweinitz17 in 1834 under the name Sphaeria discreta. At 
that time it was considered to be a saprophyte and conse-
quently of no economic importance. 
In 1863 the Tulasne brothers18 gave an excellent descrip-
tion of the fungus illustrated by numerous drawings. They re-
named it Nummularia discreta by which name it is known at 
the present time. That they found it to be a parasite is shown 
by their statement: "It grows with us during the autumn and 
winter on Sorbus hybrida L. on the thick bark which has re-
cently died." However, they attached no importance to the 
fungus as the causal organism of the disease. 
It remained for Hasselbring11 to observe the destructive-
ness of the disease caused by this fungus. In 1902 he noted 
a cankerous disease very prevalent and doing a great deal of 
damage to orchards in Illinois, which he called Illinois canker. 
He found the disease was caused by the fungus Nummularia 
discreta. In his report he gave a very comprehensive account 
of the symptoms and general appearance of the disease, but 
aside from this added little to the knowledge already furnished 
by Tulasne. 
These r efer en ces are t o t h e bibliogr a ph y , page 68. 
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In 1912 Gloyer10 of Ohio published a circular on "Blister 
Canker" caused by Nummularia discreta, but added little of 
any importance to the facts already published. 
The disease was first noted in Nebraska about 1903 but it 
received no attention and no report was made except to men-
tion its presence in the State. 
SYMPTOMS AND GENERAL APPEARANCE 
It is impossible to describe the symptoms of blister canker 
so that the casual observer will be able to identify the disease 
in all cases. Under certain conditions the symptoms are very 
marked and characteristic, as indicated by Hasselbring11 , but 
under other conditions these characteristic symptoms are 
wanting. The injury often resembles very closely that caused 
by other agencies such as winter injury, sun scald, blight, 
collar rot, and the so-called arsenical poisoning. The writer 
is of the opinion that a large share of the damage attributed to 
other causes is in reality caused by Nummularia discreta. The 
symptoms vary with the variety of trees, point of inoculation, 
soil conditions, amount of precipitation, general weather con-
ditions, and treatment of the orchard. On the more resistant 
varieties sharply defined cankers usually appear. In the ear-
liest stage the bark takes on a darker brown color and soon 
becomes slightly shrunken, and depressed below the adjoining 
healthy bark. The canker usually does not begin at one small 
point and spread, but a considerable area of affected bark will 
appear rather suddenly and continue to grow in size, spread-
ing most rapidly in the direction of the long axis of the limb. 
The initial spots vary in size, being anywhere from two to 
eighteen or more inches long and one-half to six inches wide. 
The inner bark in these spots and at the edges of old cankers 
has a mottled appearance due to intermingling of dead areas 
within the living tissues. The size of the original cankered 
spot and the mottled appearance of recently affected areas are 
due to the fact that the fungus invades the older xylem tissues 
of the tree first and then works gradually toward the surface, 
killing the tissues as it advances. The advance is naturally 
more rapid in certain portions of the affected area than in 
others. Consequently the bark is not attacked evenly, but in 
spots wherever the fungus has approached near enough to the 
surface to kill the cambium. The bark is never attacked until 
the underlying tissues are killed. 
During the months of July, August, and September small 
round blister-like protuberances one-eighth to one-quarter 
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inch in diameter appear all over the affected surface, or in the 
case of large spots where the center has become hard and dry, 
only along the margin of the cankered area. These "blisters" 
are caused by the formation of stromata (masses of spore-
bearing mycelium) beneath the surface of the bark. Spores 
(conidia) are produced during the latter part of the same sea-
son or early the next spring. The blisters are ruptured by the 
pressure from beneath, disclosing a pale grayish-tan colored 
mass of mycelium and spores. 
The cankered area increases in size each season as long 
as the branch remains alive. The bark of the older portions 
becom.es blackened and rough. The stromata become flat or 
concave on the surface. Continued growth at the edges causes 
them to assume very irregular outlines. Often several blend 
into one, covering an area of nearly an inch in diameter. The 
surfaces of the stromata often appear light gray in color dur-
ing the early spring, due to the growth of mycelium and the 
production of spores ( conidia). Later, especially after the 
bark has been thoroly wetted by rains, the surface of these 
same stromata may appear coal-black due to the presence of 
ascospores which have been formed on the interior and forced 
to the surface. 
With age the cankered bark begins to crack in all direc-
tions and fall off, leaving irregular patches of dead wood 
exposed. The stromata, however, usually remain firmly at-
tached to the wood by means of a ring of fungous tissue for a 
considerable period of time after the bark has fallen away. 
If these stromata are removed, irregular dark brown to black 
rings, showing the points of attachment, may be seen in the 
lighter colored wood. 
The point of inoculation often greatly influences the symp-
toms of the disease. Where entrance is gained thru a large 
wound, cankers are usually formed first at the point of initial 
infection, but if thru a small wound or thru a frost crack in 
the trunk or any of the main branches, the wound usually 
closes and the first cankers may appear in some of the 
branches which have been weakened or wounded. In cases of 
this kind one or more whole limbs often die in one season and 
usually few, if any, stromata are formed on their dead sur-
faces. When stromata are found in such cases, they are at the 
base of the limb where the fungus can still draw on the living 
tree for food. Where the inoculation takes place near the 
extremity of a branch, the branch is as a rule gradually can-
kered its entire length and stromata usually dot the whole sur-
face. In all cases stromata are formed more abundantly 
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where the cankers are protected from direct sunlight, but on 
the other hand light does not affect the location of cankers. 
Inoculation very often occurs thru wounds at the base of 
the tree made by rodents or by machinery in cultivation. In 
such instances, where the wounds are too large to heal over at 
once, the cankered margins advance and the bark falls away, 
but stromata are rarely found except on young trees or where 
new branches arise near enough to the wounds to be affected. 
Inoculation often occurs in roots near the surface of the 
ground thru wounds made in cultivation or otherwise. In 
such cases that portion of the root is usually killed and the dis-
ease first becomes manifest as a canker at the crown. Some-
times the whole root system is affected but the fungus grows 
from one root to another with much more difficulty than from 
one branch to another, so that, as a rule, even tho a part of 
the roots may be killed, the others will remain intact until 
after the whole tree has become infected. 
On the more susceptible varieties the symptoms are some-
what different. Whole trees often appear to be killed in a 
singie season and no truiting bodies appear, or one mam limb 
after another may succumb in a single season and produce 
stromata only at the base near portions of the tree which are 
still alive. In many instances stromata form on the limbs dur-
ing the same season that the disease first appears in the form
of visible canker, but many of them never produce spores. 
Many more never rupture the epidermis, and practically no 
ascospores are ever produced. The perfect stage of the fungus 
is rarely found abundantly on the most susceptible varieties 
except when the cankers occur on the trunk or very large 
limbs, and even then it is often wanting owing to thick, corky 
bark which hinders the formation of stromata. However, 
enough immature or sterile stromata may usually be found 
upon a minute examination of the tree to identify the disease. 
The disease makes rapid progress in trees suffering from 
drouth. The effects of drouth will be discussed later. Here 
again the symptoms are often somewhat modified. Whole 
limbs or even whole trees often die in a single season, or the 
bark may die only in long strips, sometimes reaching from the 
tip to the base of the limb, while the remaining bark will 
remain alive sometimes for several months. Infected trees 
suffering from drouth often put forth foliage and set an 
abundant crop of fruit only to have both . leaves and fruit 
wither and die. In case the limb or tree does not die outright 
the leaves turn yellow and the fruit, while it reaches a certain 
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state of maturity, seldom attains sufficient size to be worth 
harvesting. Stromata are rarely formed in large numbers. 
These symptoms, while most commonly found associated with 
drouth conditions, are by no means confined to trees under 
such conditions. Badly affected roots or trunk may induce 
the same symptoms. 
DESCRIPTION OF THE FUNGUS
C ONI DIA L STA GE 
As before stated, blisters appear during the late summer 
months upon the surface of the newly cankered areas. These 
blisters are caused by the formation of circular interwoven 
masses of mycelium just beneath the surface of the bark. 
Conidiophores arise from the surface of these stromata. They 
are short and usually more or less branched. Several conidia 
may be borne on the tip of each branch. Both conidiophores 
and conidia are nearly hyaline. Gloyer10 not inaptly uses the 
term "honey colored" in describing them. The conidia are 
oval, rather sharply pointed at the attached end, and measure 
about 5 by 8 microns, altho they are often smaller. The spores 
are set free by the layer of bark which covers the stromata 
being ruptured by the pressure of the conidiophores and spores 
beneath. 
Conidia may be produced during the latter part of the sea-
son on one-year-old cankers. The same stromata may produce 
conidia the next spring and for several seasons thereafter. 
These subsequent crops of spores occur, however, only on 
cankers protected from direct sunlight. In many instances 
spores are not produced until the spring following the appear-
ance of the canker. As before stated the stromata in many 
instances never produce spores at all, due to the death of the 
limb or tree cutting off the food and water supply of the 
fungus. During favorable seasons conidia are produced thru-
out the growing season but as a rule under Nebraska condi-
tions they occur most abundantly in the early spring during 
the months of April, May, and June, and to a less extent in 
September and October. 
Hasselbring11 stated that he was unable to germinate the 
conidia, but Gloyer10 found them to be quite viable and that 
they germinated readily in distilled and well water, prune de-
coction, and a 4 per cent sugar solution even after having 
been kept in the laboratory for three months. 
The writer found no difficulty in germinating conidia, 
when taken as soon as they matured, in water, and synthetic 
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liquid and solid media, but found their viability to decrease
rapidly with age. In tests made soon after maturity of the 
spores an average of 82.2 per cent germination was secured, 
using semi-solid and liquid synthetic media, and water cul-
tures which contained one per cent each of cane sugar and 
peptone. There was little difference in the amount of ger-
mination in any of these media. Spores which were placed in 
a moist chamber for a few hours and then desiccated did not 
germinate at all. Spores which had been kept in the labora-
tory for six weeks gave a germination test of only 8.5 per 
cent. No satisfactory results were obtained from the use of 
solid media. 
Upon germination the endospore gradually draws away 
from the exospore except near the points where the germ tubes 
emerge. Later the exospore is entirely broken up. 
ASCOGE NOUS STA GE 
The perfect or perithecial stage of the fungus appears 
one or more years after the conidial stage. Under favorable 
conditions it appears the following season tho in many cases 
it does not appear at all. The perfect stage is rarely found 
except in cankers on the trunk and large branches. During 
the early spring and summer perithecia are formed in the 
stromata which have previously borne conidia on their sur-
faces. These perithecia are arranged more or less in layers 
beneath the surface of the stroma, and are 0.2 to 0.4 mm. 
wide by 0.3 to 1.8 mm. long. The older and larger perithecia 
lie near the center of the stroma and are connected with the 
surface by means of long narrow necks. New perithecia are 
formed both above and below the first layer and around the 
edges of the stroma gradually increasing its size. Two or 
more stromata may fuse at the edges forming one very large 
irregular stroma. The asci which are about 12 to 15 by 160 
to 180 microns arise from all parts of the interior of the 
perithecia with their free ends extending diagonally toward 
the center and the neck. Asci of all stages of development 
may be found in the same perithecium. Interspersed among 
the asci are numerous long sterile mycelial threads. The asci 
contain eight oblong brownish-black spores each. These 
spores measure about 10 to 12 by 13 to 16 microns when dry, 
but upon absorbing moisture become almost spherical. 
During wet weather the stromata absorb water readily 
and the spores are expelled in great quantities. Some remain 
clinging to the surface but many are thrown entirely free. 
Glass slides smeared with vaseline and suspended 1¾ inches 
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above a group of stromata placed on moist blotting paper in 
a covered vessel caught and held large numbers of spores. 
Tulasne18 stated that the spores are expelled in March or 
April. The writer has found spores being expelled during 
every part of the growing season depending upon weather con-
ditions. Stromata kept in the laboratory for over three years 
expelled spores in large quantities within a few hours after 
being placed in contact with wet blotting paper. It is very 
common to find ascospores being expelled thru masses of 
conidiophores and conidia on the surface of the stroma. 
The spores are hyaline until they attain full size when they 
assume a dark brown or black color with a lighter line ex-
tending along one side. Hasselbring11 gave a very accurate 
description of their germination. He stated: "In germination 
the exospore cracks along the lines previously described. Two 
germ tubes originate from the endospore. These turn away 
from each other and remain at first closely appressed to the 
spore. Then they grow out in opposite directions." 
Hasselbring found that oxygen is necessary to spore ger-
mination. The writer also found this to be true. Spores deeply 
embedded in poured plates did not germinate at all while the 
percentage of germination was high at or near the surface. 
Ascospores retain their vitality for a long period of time. 
A large number of stromata were secured in the spring of 
1914 and the spores tested for germination at intervals of 
three months. After three months the per cent of germina-
tion was 91.8. This was nearly 20 per cent higher than when 
the spores were first taken. This was probably due to the 
presence of a large number of immature spores when the 
stromata were gathered. After three years the per cent of 
germination was 31.9. It was found, however, that a great 
number of these spores were so reduced in vitality that the 
germ tubes grew to be only a few mm. in length and died. 
As was the case with conidia, few spores germinated when 
they were exposed in a moist atmosphere for several hours 
and then allowed to dry before the test was made. 
MYCEL I UM 
Mycelial growth in artificial media is relatively slow from 
both conidia and ascospores. For this reason it was very dif-
ficult to secure pure cultures from conidia unless the spores 
were taken from those first matured on the stroma before the 
bark became ruptured. Later, spores of Macrosporium and 
Fusarium were often found intermingled with the conidia. 
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At first the hyphae from conidia are rather heavy and be-
cause of numerous large vacuoles appear abundantly septate. 
The hyhae produced after the cultures were a few days old 
could not be distinguished in any way from hyphae in asco-
spore cultures. 
It was a simple matter to secure pure cultures from asco-
spores. The stromata were placed on moist blotting or filter 
paper in the bottom of deep petri dishes which had been ster-
ilized. When the spores were expelled they adhered to the 
cover in large quantities. The spores were then transferred to 
poured plates. These cultures were usually free from con-
tamination except for the presence of bacteria. Bacterial 
growth was prevented by acidifying the media with lactic acid. 
Ordinarily the mycelium branches very little when young 
and the hyphae maintain a relatively direct course. Several 
mm. behind the growing tip the older part of the mycelium 
branches profusely. Many hyphae often arise at the same 
point on one or both sides of the main trunk and spread in a 
fan-shaped area over the media. These hyphae are usually 
much smaller than the parent stock. In the older cultures, 
compact masses of mycelium are formed at these points of 
division on which in many instances the writer has found 
conidiophores and conidia. Conidia were first noted in cul-
tures which were sealed with paraffin and left for several 
months. An attempt made to germinate these spores met 
with failure. It was later found comparatively easy to induce 
cultures to produce conidia by checking growth suddenly or 
by allowing the culture to dry slightly. It was also found that 
the conidia would germinate readily. 
Gloyer10 indicates that the rate of growth of mycelium in 
apple wood was very rapid where the wood had lost a portion 
of its water content, but that no growth was made where the 
wood was sterilized with steam at 15 pounds pressure. He 
attributes this failure of growth to an excess of water caused 
by sterilizing with steam. In the dry wood he secured the 
phenomenal growth of 8 inches thru heartwood tissues in 
seven days, a feat which the author tried in vain to duplicate. 
Wood cylinders 1 inch in diameter were sterilized in mercuric 
chloride for 30 minutes and then washed in distilled water. 
The ends were next trimmed away with a sterilized knife to 
remove any mercuric chloride which remained, dipped in 
alcohol and the alcohol burned away. Others were sterilized 
by steam under 15 pounds pressure. Five sections sterilized 
each way were inoculated at one end and placed in cotton-
plugged cylinders which permitted rapid evaporation of water. 
TABLE 1- The relation of age of tissues to susceptibility, and the comparative effectiveness of 
different inoculcl when introduced into various tissues of the tree 
HOW INTRODUCED 
On surface .. Bark ... . 
On bruised surface' . ........... Bark ... . 
On shaved surface .......... ............ Bark .... . 
Regio n of 
InocuJ at io n 
Bark lifted as in budding ... Current cambium ..... 
Incision by knife............ . ....... Current xylem .. 
Bark lifted as in budding ....... Cambium of limbs , 1 to 
INOCULUM 
Ascospores .. . 
.. . 
1
Ascospores ........ . 
.. Ascospores ........ . 
Ascospores ........ . 
. Ascospo res ........ . 
10 years old .......................... Ascospo res ..... . 
Incision by chisel.. ....................... 1-year-old xylem.. . ......... Ascospores .... . 
Incision by chisel........... . .. 2-year-old xylem.... .. Ascospores .... . 
Incision by chisel....... . ... 3-year-old xylem.. . ...... Ascospores ..... . 
Incision by chisel.. ............. 4-year-old xylem ............ ......... Ascospores ........ . 
Incision by chisel... ........................ 5-year-old xylem ..................... Ascospores ........ . 
Surface of wound covered ...... Stubs ½ to in 
diameter ..... Ascospores ........ . 
Surface of wound covered ..... Pruning wounds 
to in diameter. lAscospores ........ 
I N umb e r of Inoculatio ns 
1 5 
15 
15 
30 
30 
101 
65 
52 
31 
36 
28 
58 
52 
Total... ........................................ \ ............ . . ..... ...... / ........... ......... ............... 1 453 
Not inc lud e d in tota l. 
I 
I 
N un1b e r 
Effective 
0 
0 
0 
0 
8 
49 
36 
46 
29 
36 
28 
58 
51 
341 
Per cent 
Effectiv e 
0.00 
0.00 
0.00 
0.00 
26 .67 
48.51 
55.38 
88.46 
93.55 
100.00 
100.00 
100.00 
98 .08 
7 5.28 
:3 
jS 
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Five others were inoculated and placed in cylinders with 
ground glass stoppers which prevented evaporation. One sec-
tion of each was examined each week. The first examination 
showed little growth in either case. The second week the 
sections from the cotton-plugged cylinder showed the most 
vigorous growth. The third week the hyphae had advanced 
in one of the sections sterilized with mercuric chloride in the 
cotton-stoppered cylinder 1¾ inches and in the one sterilized 
by steam 2¼ inches. In the sections where no evaporation 
was permitted the one sterilized with steam showed an ad-
vance of 1¼ inches in three weeks and the one sterilized with 
mercuric chloride 1 inch. After this time practically no 
growth was made in sections sterilized with mercuric chloride 
and allowed to dry. A growth of 3¼ inches was found the 
fifth week in the steamed section which was allowed to dry. 
Of the sections not allowed to dry out the one steamed, exam-
ined the fifth week, showed a growth of 2¾ inches while the 
one sterilized with mercuric chloride showed only 1½ inches. 
In the sections sterilized with mercuric chloride only the 
heartwood was invaded, but in those sterilized with steam 
even the bark was invaded. In all cases, but more noticeably 
where the wood was steamed, a dark brown slimy liquid 
exuded from the wood. This remained in the bottom of the 
tightly closed cylinders but soon dried up in those plugged 
with cotton. 
Sections of branches were then dried by heat until 10 and 
20 per cent of water respectively had been lost, and enclosed in 
cylinders as above. Growth was noted in only one case where 
the cylinders were plugged with cotton and only slight growth 
was secured where the cylinders were tightly closed. 
Twelve branches one-half inch in diameter and bearing 
leaves were inoculated in one-year-old wood and placed with 
the cut ends in water. At the end of the sixth day the myce-
lium had grown above the inoculation an average of 
inches. Branches which were inoculated and not placed in 
water showed practically no growth. 
EXPERIMENTAL INFECTION 
In 1914 a series of inoculations were planned in order to 
secure definite data on the manner in which the disease is most 
readily disseminated, how infection occurs, the rate of prog-
ress of the disease after infection occurs, varietal resistance 
and control measures. Actual work in the field was begun in 
May of 1915, altho inoculations had been made on trees in the 
TABLE 2- The relation of age of tissues to susceptibility, and the comparative effectiveness of 
different inocula when introduced into various tissues of the tree 
HOW I N TRODUCED Region of In ocul a ti o n I INOCULUM N umb er of n ocul a ti o n s 
On surface ........................................ Bark... Conidia ....... ......... . 
On bruised surface ........ Bark Conidia .... . 
On shaved surface .... Bark . .................... Conidia .... . 
Bark lifted as in budding ...... Current cambium ... ........ ....... Conidia .... . 
Incision by knife ... ......................... Current xylem... . ...... Conidia .... . 
Bark lifted as in budding ....... Cambium of limbs, 1 to 
l O years old .......................... Conidia .... . 
Incision by chisel ....................... 1-year-old xylem ...................... Conidi a .............. . 
Incision by chisel ........................ 2-year-old xylem ....................... Conidia .. . 
Incision by chisel .. 3-year-old xylem ....................... Conidia ............. . 
Incision by chisel ......... .............. 4-year-old xylem... . ......... Conidia ..... . 
Incision by chisel ............. ......... 5-year-old xylem ....................... Conidia ...... . 
Surface of wound covered .... Stubs to in 
diameter ................................... Conidia ....... . 
Surface of wound covered ..... Pruning wounds 
to in diameter. Conidia ..... 
Total .. .. . .................... .. . . . 1 .............. ............... 1 
Not included in t otal. 
1 5 
15 
15 
30 
30 
58 
36 
25 
20 
22 
19 
16 
21 
247 
N un1b er 
I 
Per cent 
Effective Effective 
0 0.0 0 
0 0.00 
0 0.00 
0 0.00 
1 3.33 
11 18.97 
6 16. 66 
6 24.00 
11 55.00 
7 31.82 
11 57 .89 
9 56.25 
14 66. 67 
I 
76 I 30. 77 
'.<: 
;:,;-a 
;i,,. 
jS 
<:-0 
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greenhouse before that. Over 2,000 field inoculations were 
made in trees of several varieties, ranging from 1 to 16 years 
old. Inoculations were made in every manner in which it was 
thought possible that infections could occur under field condi-
tions. Ascospores, conidia, infected wood tissues, and pure 
cultures of the fungus were used as inocula. 
In making the inoculations with pure culture and infected 
wood the surface to be inoculated was first washed with 95 
per cent alcohol. wound was then made with a sterilized 
knife, chisel or auger as the case might be. The inoculum was 
placed in position and the wound covered with a sterile cotton 
patch. This was in turn covered with a square of cloth coated 
with paraffin and the whole then wrapped with several layers 
of cloth saturated with grafting wax. The inoculations with 
other inocula were covered in the same way but the surface to 
be inoculated and the tools were not sterilized except in a por-
tion of the operations. Care was exercised to use trees free 
from previous infection. To determine whether or not a t ree 
was infected one or more large branches were sawed off close 
to the trunk, or borings were made with an auger, and trees 
which showed discolored wood were rejected. 
ASCOSPORE INOCULATIONS 
The spores were secured by cutting away the disc from a 
stroma and exposing the perithecia, then drawing out the 
spores by means of a pipette partly filled with water, or by 
causing the spores to be expelled and collecting them from the 
petri dish covers as has already been explained. The spores 
were placed in water in a bottle and inserted in the incisions 
by means of a bulb pipette. 
Inoculations were made by spraying spores upon the unin-
jured surface of the bark of limbs and current growth,* and 
in like places after the bark had been bruised but not broken 
open. Others were made where the surface had been cut away 
but the cambium left uninjured. Inoculations were also made 
on current growth in the region of the cambium, by lifting the 
bark with a knife and inserting the spores, and in the xylem 
by making a slanting cut or by removing a portion of the 
wood. The same method of procedure was followed in making 
inoculations on older limbs . except that a greater amount of 
wood was removed. The cuts were made to extend thru a 
definite number of annual rings from one to five below the 
By current growth is meant growth which occurred during the season 
in which the inoculations were made. Wood which matured the previous 
year is called one-year-old wood. 
TABLE 3-The relation of age of tissues to susceptibility, and the comparative effectiveness of 
different inocula when introduced into various tissues of the tree 
HOW I N T RODUCED Region of Inoculation I I N umb er of I NOCULUM Inoculati o n s _ 
On surface*----------- --------------------- --- ----- Bark ___________ ___ ___ __ _____ __ ________ _______ ___ ___ Infected wood_ 
On bruised surface* ___________________ Bark ------------------------- -- Infected wood_ 
On shaved surface* --------- --------------· Bark __ ________ __ ----- ----------------- ----------- ----· Infected wood_ 
Bark lifted as in budding* ____ Current cambium ____________ _________ Infected wood_ 30 
Incision by knife ________________________ __ Current xylem___ _ ____ Infected wood_ 30 
Bark li fted as in budding ________ Cambium of limbs, 1 to 
10 years old -----· Infected wood_ 62 
Incision by chiseL ____________ _______ ___ _ 1-year-old xylem ____ __ _____________ ____ Infected wood_ 27 
Incision by chiseL _______________________ 2-year-old xylem __________ ________ _____ Infected wood_ 26 
Incision by chiseL _________ ________ _____ _ 3-year-old xylem _________ __ ______ ___ __ Infected wood_ 30 
Incision by chiseL ___________________ ___ _ 4-year-old xylem __ __ ___ __ ___ ______ ___ __ Infected wood_ 28 
Incision by chiseL _________ ___ ___ __ ______ 5-year-old-xylem _________ ____ ____ ____ __ Infected wood_ 25 
Surface of wound covered _____ Stubs to in 
diameter __________________________________ Infected wood_ 20 
Surface of wound cover ed Pruning wounds 
to in diameter _______ Infected wood_ 31 
TotaL ______________________________________ , ___ _______ · __________________________________ ___ __ __ ____ ___ --------------------------------1 I 279 I 
Not in clud ed in total. 
N umb e r 
Effec tive 
0 
0 
8 
5 
5 
12 
8 
20 
14 
19 
91 
I 
I 
P e r cent 
Effective 
0.00 
0.00 
12.9 0 
18.52 
40.00 
28.57 
80.00 
70 .00 
61.29 
32.62 
'.<: 
<",-
E' 
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surface in order to note the region in which the most active 
growth occurred. Branches were cut off leaving stubs 10 to 
12 inches long and the cut surface evenly inoculated all over. 
Branches were also removed according to the most approved 
methods of pruning and the whole cut surface inoculated. 
As indicated in table 1 no infection occurred from sprayed 
inoculations even when the bark was bruised or shaved. 
Neither did any infection result from inoculations in the 
region of the cambium on current wood. Twenty-six per cent 
of the inoculations made in the xylem of current growth were 
effective. It was noted, however, that infection occurred only 
in twigs where the deepest cuts had been made. It is evident 
that the wound reduced the resistance of the branch, since it 
was noted that this also occurred to some extent on larger 
limbs. Infection took place more readily where the wounded 
surface was comparatively large. 
As shown in the same table the percentage of infections 
increased with the age of the tissue inoculated from the cam-
bium to four-year-old xylem but there was little difference 
in susceptibility of four and five-year-old xylem. In fact 
the stub and pruning wound inoculations showed that from 
the age of four years on, there was little difference in the sus-
ceptibility of the wood to infection since infection usually 
started on stubs and pruning wounds quite evenly on all of the 
wood four years old and over, while on the younger wood 
there was a gradual reduction in the number of infections in 
each successive ring of newer tissue. No infection occurred 
in the cambium or outside of it except in very thick bark. In 
a few cases slight indications of infection were found toward 
the outer portion of the bark where inoculations were made 
in the trunk and large limbs, but in all cases the progress of 
the mycelium was so slow that injury from such infections 
is negligible. In no case was the cambium found to be injured. 
A number of different varieties were used in the series 
represented in tables 1, 2, 3, and 4, but the same proportions 
of inoculations with the four inocula and the different tissues 
inoculated were maintained in all cases. 
CONIDIA INOCULATIONS 
A series of inoculations were made with conidia dupli-
cating every feature of the series made with ascospores. Co-
nidia recently matured were secured from stromata still pro-
tected wholly or in part by the covering of bark. None were 
taken from stromata bearing ascospores. 
TABLE 4- The relation of age of tissues to susceptibility, and the comparative effectiveness of 
different inocula when introduced into various tissues of the tree 
HOW INTRODUCED Region of Inoculation I I N umb e r of I NOCULUM Inoculations
On surface* ............................ ............ Bark . .... .. ............. P ure culture ... . 1 5 
On bruised surface* .................... Bark . ............... ............. Pure culture ... . 1 5 
On shaved surface .................... Bark . .... . .............. Pure culture ... . 1 5 
Bark lifted as in budding* ..... Current cambium ................... Pure cu lture ... . 30 
Incision by knife ............. .............. Current xylem ............................. Pure culture ... . 30 
Bark lif ted as in budding ........ Cambium of lim bs, 1 to 
1 0 year s old .......................... Pure culture ... . 92 
Incision by chisel... ...................... 1-year-old xyle m ....................... Pure culture ... . 
Incision by chisel... ....................... 2-year-old xylem ............... . ...... Pure culture ... . 41 
Incision by chisel... ....................... 3-year-old xylem ....................... Pure culture ... . 34 
Incision by chisel... ....................... 4-year-old xylem ....................... Pure culture ... . 27 
Incision by chisel... ........................ 5-year-old xyle m ...................... Pure culture ... . 38 
Surface of wound covered ...... Stubs to 2" in 
diameter ................................... Pure culture ... . 47 
Surface of wound covered ...... Pruning wounds 
to 2" in di ameter ....... Pure culture ... 33 
TotaL. .......................................... . . . .. . ......... . . .. ...................................... ... 1 ..................... .. ...... .. .. ... 1 406 
Not in clud ed in total. 
N umb er 
E ffec ti ve 
0 
0 
0 
0 
2 
30 
20 
27 
26 
21 
30 
42 
26 
224 
Per c e nt 
Effective 
0 .00 
0 .0 0 
0.00 
0.00 
6.67 
32.61 
31.25 
65.85 
76.47 
77. 78 
78.95 
89.36 
78. 79 
55.17 
0 
;::;-, 
(Cl 
[ 
's, 
__;:s 
;;:,,-a 
¼ 
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The results tabulated in table 2 substantiate those in table 
1 in regard to susceptibility of the various ages of tissue inoc-
ulated. The much lower percentage of infections indicates 
that the conidia are much less virile than the ascospores or 
that they are more easily inhibited. However, this was to be 
expected from the results of germination tests made in the 
laboratory. 
INFECTED WOOD INOCULATIONS 
The infected wood was secured by sawing out a section 
of a limb two to three feet above the external boundary of 
a well-defined canker. The bark was removed after which 
the wood was sterilized by being immersed in 95 per cent 
alcohol and flamed over a Bunsen burner. A sterilized coarse-
toothed saw was used to reduce the wood to sawdust which 
was placed in wide-mouthed bottles and slightly moistened. 
The results given in table 3 show a slightly higher percent-
age of infection than was obtained by conidia. In the case of 
inoculations in the older tissues the percentage was decidedly 
higher. This might be due in part to the larger wounds which 
it was necessary to make in order to insert the sawdust, and 
in part to the fact that the fungus was already well established 
in the sawdust. Here again the older wood was found to be 
much more susceptible than the younger tissues. This infec-
tion by means of diseased wood clearly shows the futility of 
attempting to control canker by cutting away the canker itself, 
as long as any of the mycelium is left in the tree. 
PURE CULTURE INOCULATIONS 
The fungus was transferred from initial cultures to petri 
dishes containing a layer of media several mm. thick in order 
to prevent drying out quickly, and allowed to grow until the 
mycelium covered the surface of the medium in a heavy mat. 
Inoculations were then made by cutting out squares of the 
medium and inserting them in the incisions made in the tree. 
The percentage of effective . inoculations was considerably 
higher than when either conidia or infected wood was used but 
not so high as when ascospores were used. As in the three pre-
viously mentioned series, the older tissues proved much more 
susceptible than those nearer the cambium. No infections 
occurred in current growth except where the xylem was deeply 
cut. In no case did the mycelium penetrate uninjured bark 
even tho the inoculum was placed in direct contact with the 
bark and covered. 
TABLE 5-Comparison of rate of growth of mycelium in tissues of different ages* 
BEN DAVIS 
CAMBIUM 
A b ove Inocula-
tion 
Inches 
0.0 
1.0 
3.5 
1.5 
1.5 
.5 
4.0 
3. 0 
1.0 
1.0 
Av. 1.70 
Below 
Ino c ula-
tion 
Inches 
.5 
1.0 
1.0 
1.0 
2.0 
.5 
4.5 
4.0 
1.0 
1.5 
1. 70 
One - year - old 
Xyl e m 
Above 
Inocula -
tion 
Inches 
2.0 
4.0 
1.5 
6.0 
1.0 
2.5 
2.0 
1.5 
9.0 
2.5 
2.5 
13.0 
13.5 
6.5 
10.0 
4.5 
2.0 
14.5 
12.0 
1 3.0 
6.17 
I 
Below 
Inocula-
tion 
Inches 
7.0 
5.0 
5.0 
2.5 
5.0 
4.5 
7.0 
1.5 
7.5 
2.5 
6.0 
15.0 
12.0 
10.5 
10.0 
10.5 
8.0 
0.0 
8.5 
9.0 
6.85 
T wo -year- old 
Xyl e m 
Above Inocula -
tion 
Inches 
10.0 
6.0 
2.5 
3.0 
16.5 
5.0 
10.0 
11 .5 
15.0 
14.5 
3.0 
14.0 
3.5 
11.0 
14.0 
15.0 
16 .5 
B e l ow 
Ino cu la -
tion 
Inches 
1 3.0 
6.5 
2.0 
5.5 
14 .5 
8.0 
14.5 
11.5 
10.0 
19.0 
12.5 
13.0 
3.5 
16.0 
18.5 
17.0 
15.0 
18.0 
Three-year-old 
Xyle m 
Above lno.cula -
tion
Inches 
12.5 
31.0 
17.5 
13.0 
11.5 
2 0.0 
29.0 
3.0 
28.0 
Below 
Inocula-
ti on 
Inches 
36.5 
14.0 
16.5 
15.0 
18 .0 
19.5 
31.0 
4.5 
24.0 
Fo ur-year-old 
Xylem 
Above 
Inocula-
tion 
Inches 
20 .0 
46 .0 
29.5 
51.0 
21.5 
36 .0 
39.5 
I 
Below 
Ino c ula-
ti o n 
Inches 
34.0 
48.0 
31.5 
50.5 
24.0 
21.5 
36.0 
16.5 
1::::::::::::::::::::::t ::::::::::::::::::::::1 ··············1 ························ 1 ······· I 
10.42 12 .11 18.39 19.89 34. 79 35.07 
*Inoculations w er e made in the spring of 1915 and examin ed in Novemb er , 1916. 
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TABLE 5- (Cont'd) - Comparison of rate of growth of mycelium in tissues of different ages* 
JONATHAN 
CAMBIUM On e - year- old Xylem 
Two - year- old 
Xylem 
Above 
Inocula -
tion 
Below 
Inoc ula-
tion 
Above 
Inocula -
tion I 
Below 
Inocula-
tion 
Above Inocula-
ti on 
Inches Inches Inches Inches Inches 
1.5 1.5 4.0 8.0 6.0 
1.0 1.0 3.0 8.0 3.5 
.5 .5 4.5 3.0 3.0 
1.0 1.0 2.0 3.5 20.5 
.5 .5 3.0 4.0 8.0 
2.5 1.0 9.0 7 .5 9.5 
1.0 1.0 1.0 1.0 15.0 
.5 .5 1.0 2.5 3.5 
1.5 1.5 3.5 4.0 4.0 
1.0 .5 2.0 3.0 3.0 
2.5 2.5 2.5 2.0 3.5 
3.5 3.0 2.0 
2.0 2 .5 4.5 
3.5 3.5 3.0 
2.5 2 .0 2.5 
1. 5 2.5 
2.5 2.0 
14.5 15 .0 
Below 
Inoc ula-
tion 
Inches 
2.5 
4 .0 
4.5 
40 .0 
6.0 
14 .5 
16 .5 
4.0 
7.5 
5.0 
9.5 
3.0 
5.5 
4.5 
1.0 
Three-year-old 
Xyle m 
Above Inocula-
tion 
Inches 
11.0 
16.0 
8.5 
11.0 
14.5 
6.5 
9.0 
7.5 
Below 
Inocula-
tion 
Inches 
8.5 
18 .0 
10.5 
11.5 
12.0 
11.0 
9.5 
11. 5 
3.0 3.5 
······················· l ························· I ························1 ························ 
2.0 2.0 
·····•· · ................. ························ 1.5 1. 5 
················1·························1 ····I··············· 
·······················•• I ························ 0.0 4.0 
Four-year-old 
Xylem 
Above 
Inoc ula-
tion 
Inches 
3 6.5 
25.5 
22.0 
28.5 
12.0 
----------------
I 
Below 
Ino c ula-
tion 
Inches 
41.0 
27 .5 
17.0 
27 .5 
14.0 
2.0 3.0 
13.5 11. 0 
............ . ... . .. . ... . ... ........................ 
····················•• I ••····················••I 
l ·······················1··· ······················1 ························1 ························ 
I :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .............. ························I ························ 
Av. 1.23 1.0 5 3.65 4.25 6.10 I 8.53 10.50 11.5 6 24.9 0 25.40 
•Inoculat ion s were made in the spring of 1915 a nd examined in November, 1916. 
t:l'1 
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The foregoing data clearly indicate that the fungus is a 
wound parasite and that the older the tissues exposed by 
wounding the greater is the danger of infection. All wounds 
are liable to infection, and since wood older than five years 
is the most susceptible it is especially dangerous to leave large
pruning wounds unprotected. 
It is evident that the disease may be disseminated by means 
of ascospores and conidia, and by infected particles of wood 
which may cling to the pruning tools. On account of their 
greater virility ascospores are perhaps the greatest menace, 
altho even with the short period of time during which they are 
viable, conidia offer a great source of infection due to the fact 
that they are formed in such large quantities over a long 
period of the growing season. 
ROOT INOCULATIONS 
Inoculations were made with ascospores in roots of Jona-
than and Ben Davis trees, with the same general results. It 
was impossible to infect roots near their rapidly growing tips, 
and one-year-old wood was found to be very resistant. Shal-
low roots were always more susceptible than those 12 or more 
inches below the surface of the soil. However, this was mani-
fest by the slow progress of mycelium in deep roots as com-
pared with the rate of growth in roots near the surface more 
than by the number of effective inoculations. The percentage 
of effective inoculations was much lower in all roots than in 
the portion of the tree above ground. In the roots 39.4 per 
cent were effective as compared with 75.27 per cent in the 
trunk and branches. 
DETERMINATION A N D IDENTIFICATION OF INFECTION 
In order to determine the number of inoculations which 
produced infection it was necessary to section and stain the 
wood and examine it under the microscope. At first the 
fungus-bearing tissues were killed by the use of formalin and 
alcohol, corrosive sublimate, and picric acid and corrosive 
sublimate. The formalin alcohol solution proved the most sat-
isfactory since no washing or clearing was necessary before 
sectioning. An attempt was made to conserve time and labor 
still more, since there were so many inoculations to be exam-
ined, by sectioning the wood without killing. This proved so 
satisfactory that with the exception of a few which were run 
thru the celloidin process all the remaining specimens were 
treated in this way. The sections were cut with a sliding 
microtome using a very heavy blade. 
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The greatest difficulty lay in obtaining a desirable stain. 
Several were tried with unsatisfactory results. The Pianese 
stain used by Vaughan21 was promising but required a long 
time to stain the hyphae and when this was accomplished the 
staining of the cells was so dense that the hyphae were ob-
scured. At the suggestion of Doctor McCormick the formula 
was changed as well as the subsequent treatment of the sec-
tions with very gratifying results. The modified formula was: 
Malachite gr een········· - ------ 0.50 gm. 
Acid ·fuchsin ......................................................... _.. ..... 0.50 gm. 
Martius gelb 0.02 gm. 
W a ter ( distilled) ...................................................... 150.00 cc. 
Alcohol ( 95 per cent ) ....... _ ............................... 50.00 cc. 
The sections were cleared in carbolturpentine, washed in 
95 per cent and absolute alcohol and stored in xylol. Mount-
ings were in balsam. By this method the cells were stained 
green and the hyphae a deep pink. Staining required only two 
to five minutes. 
By comparing the discoloration of inoculations where mi-
croscopic examination revealed the hyphae invading the tis-
sues with that made by incisions where no inoculum was in-
serted, it was found extremely easy in the majority of cases to 
recognize infections. Therefore, after more than 200 inocula-
tions had been examined to the extreme limits of the invaded 
tissues, the presence of the characteristic discoloration was 
taken as an indication of the presence of infection, except in 
doubtful cases when the microscope was employed. 
No inoculations were made from these artificial infec-
tions.* The fact that characteristic stromata and conidia 
were produced from infections caused by each of the inocula 
used was considered ample proof as to the identity of the infec-
tions. No ascospores have yet been produced on any of the 
cankers from artificial infection. 
While examining inoculations for infection, it was ob-
served that in a number of cases the infection extended to all 
parts of the tree. This aroused a suspicion that the tree might 
have been infected at some previous time in spite of the pre-
cautions taken to select sound trees, especially as several 
places were found where infection might have occurred, such 
as frost cracks in the trunk and old pruning wounds. This 
led to the examination of a large number of trees which 
showed no visible signs of canker. The results were discour-
*Since pre p a ring this m a nus crip t t h e a utho r h as is ola ted the causal 
fungu s from som e of t h ese a rtifi c ia l infec tio n s a nd m a d e new inoculations 
which have produ ced t ypical ca nker s. 
TABLE 6-Rate of growth of mycelium in inoculated stubst 
BEN DAVIS 
½ Inch 
Distance Bel ow 
Inoculation 
5 Inches I 10 Inches 
O* 
0* l* 
O* 0* 
O* 2* 
1 4 
1 4 
O* O* 
O* 2* 
O* O* 
O* O* 
l* l * 
1 2 
l* 2* 
2 3 
1 2 
3 4 
O* l* 
---------------------- ------- ------ ------------------------
Av. .51 1.51 
DIAMETER OF STUBS 
1 Inch 
Distance Bel ow 
Inoculation 
5 Inches 10 Inches 
O* 2* 
O* O* 
0 1 
O* l * 
O* O* 
O* O* 
O* O* 
O* 0* 
0 3 
O* l* 
4 4 
1 2 
O* O* 
1 3 
2 4 
l * l* 
O* l* 
3 5 
O* 3* 
.63 1.63 
1 ½ Inches 
Distance Below 
Inoculation 
5 Inches I 10 Inches 
O* I l * O* I O* 0* I 2* 1 3 l* I 0 3 
l* l* 
1 2 
2 3 
0* 2* 
3 5 
4 5 
3 3 
2 3 
l* 2* 
------· -------- ------------------ ------------------·····-------
--------------- --- --------------- ------------------------
--- ------------------------------ ------------- --- ----
--------·- ---- ------------------ ------ -- ----------------------
1.26 2.46 
*Cankers with characteristic stromata a ppeared o n these inoculations. 
2 Inches 
Distance Below 
Inoculation 
5 Inches 10 Inches 
O* 
2* 
2* 
3 6 
------·- ················ 
.............................. 
.............................. 
··················· 
----------··-------- ----------·-------------······ 
·························--·-
.............................. 
------··-·-·----·------------
----·- ·-·-··-········ 
---------------------····· ··· -------------··········· ·-----
············ -----------····-- ·········-···················· 
-----------------------
.............................. .............................. 
-------------------
---- ------------------------ -- ----- -- -----------------------
------------------------------
------------
--------------------------- ------------------------------
--------------------- --------- ------------------ ---- --------
---------------------------- -- -----------------------
.75 3.25 
tFigures r epresent annual rings of wood fr ee fr om disco l oration, counting from surface . 
.::. 
;i::.. 
<'> 
:= 
.::. 
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TABLE 6-(Continued)-Rate of growth of mycelium in inoculated stubst 
JONATHAN 
½ Inch 
Distance Bel ow 
Inoculation 
5 Inches 10 Inches 
2 3 
0* 1* 
1 3 
0* 0* 
0* 0* 
1 * 
1* 
2 4 
1 3 
2 3 
2 2 
3 7 
3 5 
2 4 
4 6 
Av. 1.46 2.8 6 
DIAMETER STUBS 
1 Inch 
Distance Below 
Inoculation 
5 Inches 10 Inches 
1 4 
1 2 
2 3 
0* 0* 
1 4 
5 9 
0* 0* 
2 5 
2 3 
2 3 
2 4 
5 7 
0* 
5 8 
6 7 
2.26 4.00 
1½ Inches 
Distance Below 
Inoculat io n 
5 Inches 10 Inches 
3 5 
2 5 
2 5 
3 5 
3 8 
7 10 
6 9 
0* 2* 
5 5 
6 6 
......... 
-·· ···· ··················· 
········- ----------···-··-····· ··················-· 
-·· ··---· ····------············ 
...... 
-· ····--- ····--················ ···-· 
......... 
-·-···---················--- ······--·--······ 
3.70 6.00 
Cankers with c h aracteristic stromata appeared on these inoculations. 
2 Inches 
Distance Below 
Inoculati o n 
5 Inches 10 Inches 
0* 1* 
3 4 
4 7 
---------·······-············· 
............................. 
---············-·············· 
.............. 
.............................. ............. 
························ --- -
·······--- --------· 
..................... 
---------------------······ 
···············--------- ---· ----------------·············· 
----- -----------------------
-------······················· 
-------------------------
......... 
-----------------------
......... 
··········· ·---------------
---·-························· 
--·················--····-···· ············-···-----
.............................. 
··········· 
2.33 4 . 00 
Figures r epresent annual rings of wood free from discoloration, counting from surface. 
.,.., 
1:-:> 
28 Nebraska Agricultural E xp. Station, Research Bul. 12 
aging in that of 42 apparently sound trees examined, which 
were from 12 to 16 years old, only 3 were free from the 
fungus. In a number of cases infection was traced to cracks 
and other wounds in the trunk, several to pruning and other 
wounds in the limbs and a smaller number to injury to the 
roots near the surface of the ground. 
This led to omitting from the data any infection which 
could not be followed from the inoculation to the end of infec-
tions except in a few cases specifically mentioned later, such as 
stub inoculations and inoculations in four t rees which had 
been root pruned. 
GROWTH OF MYCELIUM IN THE WOOD 
INOCULATION IN TISSUES OF DIFFERENT AGES 
The growth of the mycelium within the tree varies with 
the age and condition of the wood. In tissues which are still 
active the hyphae are confined largely to the tracheal vessels 
and the mednllary ray cells, altho t he adjacent sclerenchyma 
cells are slowly invaded as the tissue dies. The hyphae ad-
vance rapidly along the tracheae passing from one to the other 
and to adjacent cells thru the pits in the cell walls. This ex-
plains why recent infections appear as long brownish-black 
threads in the wood. The tracheae offer litt le resistance to 
progress of the fungus lengthwise of the branch, but lateral 
progress thr u the medullary ray cells and the adjacent scle-
renchyma is very slow. 
The most rapid progress occurs in that par t of the annual 
growth made ear ly in the spring when the t racheal vessels are 
relatively large and abundant. Here many of the parallel 
tracheae communicate thru pits so that the progress laterally 
is also relatively rapid. The annual ring of growth on either 
side is protected from invasion to some extent by the barrier 
of small, thick-walled, nonpitted wood cells which form late 
in the season's growth. Tracheae in this region are fewer and 
somewhat smaller. However, the regions of the different an-
nual growths communicate by means of the medullary rays 
and thru these are finally invaded. As the fungus goes deeper 
into the branch each succeeding year's growth up to four-year-
old wood is found more susceptible. However, from here on 
there is practically no difference in the susceptibility of the 
tissue of different ages altho there is the same relative rate 
of progress in the different cells. This difference in suscepti-
bility of tissues of different ages which varies in different 
varieties and individual trees of the same variety is no doubt 
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due to the presence of protoplasm in the still active tissues. 
This is shown by the fact that in the laboratory the one-year-
old xylem of wood cylinders in which the protoplasm had been 
killed was invaded as readily as the old heartwood, but was 
not invaded in cylinders where the protoplasm was not killed. 
As shown by the data in table 5, while infection occurs in 
xylem of all ages the rate of growth is very slow in the outer 
annual rings of growth, as compared with the older tissues. 
Infections also took place from the inoculations in the region 
of the cambium, but examination showed that the infection 
was in the xylem lying just beneath. Where the strands were 
found just beneath the cambium an extra number of small 
wood cells were found between the infection and the cambium. 
In many cases where the infection was in small limbs this 
caused a distinct ridge in the bark which extended as far as 
the end of the diseased streak. 
These inoculations were made in May, 1915, and exam-
ined in November, 1916. The time which had elapsed was 
equal to almost two growing seasons. 
In determining the amount of growth made by the myce-
lium, microscopic examinations were made as in the case of 
identifying infections. In fact many of the inoculations 
served the same purpose. At first sections were made and 
examined every inch above and below the inocu.lation until no 
discolored strands showed in the tissues. It was soon found 
that the. hyphae could be found easily until the region within 
two to three inches of the end of the brown strands was 
reached where they became very few and were found only in 
the tracheae. In the majority of cases, however, on close ex-
amination hyphae were found within a few mm. of the end of 
the discolored areas. Accordingly in measuring the distance 
covered by the hyphae the end of the discoloration was taken 
as the limit of infection. Radially hyphae were nearly always 
found to extend to within at least one or two cells of the mar-
gin of the discolored area except in the case of the medullary 
rays where the distance was sometimes greater. 
In the long axis of the branches the active tissues are killed 
one to three or even more inches ahead of the invading hyphae. 
The whitish dry spots may often be seen in cross section with 
the naked eye. The killed area is readily determined by stain-
ing and by plasmolysis tests. In using the Pianese stain it 
was found that the dead cells stained much less readily than 
those which were still active. For this reason the cells of the 
infected sections were much lighter in color or were only 
TABLE 7- Rate of growth of mycelium in trees of different ages 
AGE OF TREES 
1 Year 2 Years VAlUETY 3 Years 4 Years 
Above
I 
Below Above 
I 
B elow Above 
I 
B elow Above I B elow 
I n oc u- Inocu- Inocu- Inocu- Inocu- Inocu- Inocu-
I 
Inocu-
la ti on Ja ti on Ja tion Ja ti on Ja tion lation lation lation 
Inches Inches Inches Inches Inches Inches Inches Inches 
Ben Davis ..................... 6.5 4.5 9.0 4.5 14.0 15.0 17.0 18 .5 
7.0 8.0 8.5 9.0 9.0 15.5 14.5 17.5 
3.5 5.5 11.5 12 .5 
·········--··---··· ··· ·-
........................ 
·······--·-···- -- ------
-------··-··· ··········· 
I 
Average ························1 5.67 6.00 9.66 8.67 11.50 15.25 15. 75 18 .0 
Winesap ........................ 4.0 4.0 4.0 5.0 6.5 7.5 8.5 10.0 
4.5 5.5 3.0 7.0 4.5 .0 7.5 8.5 
2.0 3.0 2.0 4.0 
------------------·-· ··· 
························ 
Average ..................... . 3.50 4.17 3.00 5.33 . 5.50 3. 7 5 8.00 9.25 
Delicious 
········-------------
4.0 8.0 2.0 2.0 14.0 7.0 19.0 14.5 
8.0 10.0 6.0 7.0 14.5 5.5 18.5 16.0 
4.0 8.5 4.5 5.0 
-----------·-··-···· ····················- ------------······· ····· 
........................ 
I 
Average ................... 5.33 8.83 4.17 4.67 14.25 6.25 18. 7 5 15.25 
?,-
l:--<> 
TABLE 7- (Continued) - Rate of growth of mycelium in trees of different ages 
-
AGE OF TREES 
VARIETY 
1 Year 2 Years 3 Years 4 Years 
Above Below Above I Below Above Below Above Below Inocula- Inocula- Inocula- Inocula- Inocula- Inocula- Inocula- Inocula-
lation lation lation Jation lation lation lation Iation 
Inches Inches 
I 
Inches Inches Inches Inches Inches Inches 
York ................................. 4.0 4.0 3.0 3.5 8.5 8.0 8.5 7.5 
5.0 7.5 3.0 3.0 4.5 7.0 8.0 8.5 
4.0 6.0 I 4.0 4.5 ........................ ····················-·-- --------------------- ························ 
Average 4.33 5.83 3.33 3.67 6.5 7.5 8.00 
Jonathan . 2.0 2.0 4.0 4.0 9.0 15 .0 6.5 8.5 
2.0 10.5 8.5 9.0 4.0 6.5 8.5 9.5 
1.0 1.5 2.0 6.0 ........................ ........................ ........................ 
··-··-···············-·· 
I 
Average .......... .. ··········1 1.67 4.67 4.83 6.33 6.50 ·10 . 75 7.50 9.00 
I 
N. W. Greening ...... 2.5 4.5 4.0 4.0 11.5 21.5 8.5 I 14.0 
2.5 4.5 3.0 3.0 7.0 8.0 7.5 I 16.5 1.0 3.5 4.0 4.0 
---- ·-----------··-··-- ·---···--··············· ........................ 1 •······················· 
I 
Average ...................... 1 2.00 4.17 3.67 3.67 9.25 14.75 8.00 15.25 
" 
" 
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lightly stained while the adjoining cells always took on a deep 
stain. By employing this stain it was found that unstained or 
lightly stained spots appeared in sections made beyond the 
actual discoloration in the branches and that these spots cor-
responded in position with the area occupied by the fungus in 
infected sections. 
The cells in such spots did not respond when treated suc-
cessively with 20 per cent cane sugar and distilled water. 
However, the surrounding cells did not always respond sat-
isfactorily but there was sufficient response to show the pres-
ence of living protoplasm in the majority of cases. 
It was noted that in general the mycelium grows more 
rapidly in a downward than in an upward direction. This is 
especially true in inoculations on the smaller limbs, and on 
the larger limbs where a great deal of growth has been made. 
In the larger limbs where the hyphae have proceeded only a 
short distance the average growth is as great in one direction 
as another. The difference in growth in smaller limbs is per-
haps due to the fact that the ascending hyphae are constantly 
encountering younger wood while the descending hyphae en-
counter older wood. This theory is upheld by the fact that in 
the roots the greatest growth is toward the trunk. 
I N OCULA TIONS J N STUB S 
In the stub inoculations those which were made by cutting 
off a branch 10 to 12 inches above its base and placing the in-
oculum over the entire cut surface), the relative amount of 
growth in tissues of different ages as indicated in table 6 cor-
responds very closely with the data given in table 5. In stub 
inoculations, however, the growth is much more rapid owing 
to the death of the tissues, caused by removing the foliage. 
Almost as rapid growth was secured by keeping the foliage 
removed from branches which had been inoculated. In table 
6 the number of rings of annual growth free from infection is 
given. This shows the radial distribution of the mycelium 5 
and 10 inches from the point of inoculation. It was impossi-
ble to show the longitudinal distribution owing to the fact that 
the mycelium had entered the trunk of the trees. 
Very few conspicuous cankers were produced by inocula-
tions where the limbs were not injured in some way. In the 
stub -inoculations, the first infection usually occurred close to 
the center of the wound and the mycelium proceeded rapidly 
toward the trunk. The newer wood and finally the bark was 
invaded beginning at the end of the stub and extending toward 
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the trunk. When the cankered area reached the trunk there 
was no further external evidence of growth until the mycelium 
had invaded the outer rings of wood in the trunk when the 
cankered area was again enlarged. 
INOCULATIONS I N TREES OF DIFFERENT AGES 
A number of inoculations were made in young trees of dif-
ferent ages to ascertain if susceptibility to attack by blister 
canker was in any way associated with the age of the trees. 
Trees of several varieties ranging from one to four years of 
age at the time of inoculation were used. The data in table 7 
indicate that, as in the case of inoculations in limbs of mature 
trees, the age of the wood inoculated is a more important fac-
tor than the age of the tree. 
ROOT INOCULATIONS 
Inoculations with ascospores were made in the roots of 
Ben Davis and Jonathan trees. The roots were uncovered, 
and inoculated in the manner already described. Wires were 
attached which would reach above the surface of the ground 
and zinc labels attached. The soil was then replaced. The 
data in table 8 show the results of these inoculations. 
The mycelium travels much slower thru the roots than 
thru the upper portion of the tree. That this is not alto-
gether due to the cellular structure is shown by the fact that 
in a number of the roots examined the tracheae are much more 
numerous and are larger than in the trunk and limbs. How-
ever, pits in the cell walls of the roots examined were not so 
numerous as in the cell walls of tissues in the branches. That 
cellular structure does modify the rate of growth to some ex-
tent is shown by the fact that the mycelium passes very ·slowly 
and with difficulty thru the region of the crown of the tree 
where the cells are greatly distorted and compressed. It was 
noted that this was true whether the infection came from the 
branches or the roots. No doubt the growth in the roots 
is retarded to some extent on account of lack of oxygen. That 
this must be true is shown by the slower growth of mycelium 
made in roots situated rather deep in the soil, while in those 
at or near the surface the growth was found to be almost as 
rapid as in the trunk and branches. Growth may also be re-
tarded by the abundance of sap in the roots. The severing of 
a root at or just beyond the inoculation caused the growth of 
mycelium to be much more rapid, and as will be shown later 
the checking of absorption of water by increasing the osmotic 
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pressure of the solution surrounding the roots rendered them 
very susceptible indeed. 
Table 8 shows that the older tissues are the most suscep-
tible to infection. A number of inoculations were also made 
in roots of young trees in jars. It was found that one-year-old 
roots became infected with difficulty and then only when near 
the surface of the soi l. In such infections the growth of the 
mycelium was very slow. Mycelial growth in the region of 
the crown of the tree progressed more rapidly in young than 
TABLE Rate of growth of rnyceliurn above and below 
inoculations in roots 
VARIETY Inocu l a t ed a t Cambi u m 
A b ove B el ow Above Bel ow 
Inches Inches Inches Inches 
24.0 31. 5 22.0 2 6.0 
21.5 20.0 18 .5 24 .5 
37.0 2 5.5 14.0 12 .5 
48.5 I 51.0 8.0 11.0 
37 .5 I 46.5 17.0 15 .5 
42.0 I 31.5 7.5 6.5 
Ben Davis ................. 
--------· 
58.5 I 29 .0 12 .5 10 .0 3.0 11.0 1.5 2.0 
3.0 I 3.5 2 .0 2.0 
2.5 I 3. 0 2 .0 2.5 
4.0 I 1.5 1.5 1.0 
14.0 I 13 .5 11. 5 16.0 
21.0 I 20 .5 14 .0 I 10.5 
11.0 I 15.0 ..... .................... 1 ---------·-············· ··· 
I 
Average .. ....................... . 1 23.39 21.62 10.15 10. 77 
2.0 2.5 2.0 3.0 
3.0 3.0 2.0 3.5 
3.5 6.5 3.0 3.5 
3.5 5.0 1.5 1.5 
18.0 2 6.5 3.5 5.0 
21.0 16.0 1.0 1.5 
42.5 36. 0 3.5 2 .0 
Jonathan ..... .... .. . 2.0 4.0 3.0 3.0 
10.5 11.5 2.5 2.5 
6.0 7.0 I 1.0 
8.5 12.0 I 1.5 1.0 
3.0 1.5 I ........................... 1 ----------···-··-···· -- ·-· 
5. 5 4.5 I ................. .. ........ 1 --------· ·-······--·-··· 
10.0 6.5 I ........................... 1 --·-·····------···--·-·· 
1 4 .0 7 .5 I ..... 1 ···········-------··--····· 
I I I 
Average ................................ .. 10.20 10.00 I 2.36 I 2.50 
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in old trees. In young trees the cells in this region ar e not 
so distorted and compressed as in mat ure trees. 
SEASONAL SUSCEPTIBILITY 
An attempt was made to determine at what season of the 
year trees are most susceptible to infection. Inoculations were 
made in two-year-old trees and in branches of mature trees, 
the branches ranging from one-half to one inch in diameter. 
The inoculations were made at about the same date in May, 
J une, J uly, and August, respectively. All were examined at the 
same time the following winter. The data secured (table 9) 
are rather contradictory in that inoculat ions made in May in 
young trees made slightly less total growth than similar inocu-
T ABLE 9- Comparison of rate of growth of mycelium from 
inoculations made at different seasons of the year 
I 
One -Inch Wood of Two -Year-Old Trees Mature Trees 
DATE INOCULATED 
A b ove Below Above Below 
Inches Inches Inches I Inches 
4.0 8.5 I 19.0 
2.0 8.5 8 .0 I 2 0.5 
5.0 11.5 3.0 I 7.0 
3.0 7.5 12.0 I 13.5 
May 20-25 3.0 I 7.5 7.0 I 11.0 
······---··· 1.5 I 3.5 5.5 I 9.5 
2.5 I 4.0 11.0 I 21.5 
2.5 I 7.0 1 6.0 I 14 .0 
2.0 I 4.5 10 .5 I 23 .5 
2.5 I 7.5 5.0 I 9.5 
........................ ..... ...... 
--------------
18.0 I 41.0 
I 
Average ..... ........................... [ 2.80 7.40 9.50 17 .27 
12 .0 15.0 10.0 15.0 
12.0 12 .5 10.0 2 0.0 
6.5 8.5 23.5 28.0 
2.0 6.5 12.0 18.0 
2 .5 5.5 21.0 19.0 
J une 22-28 ..... . 1.5 5.0 12 .0 14.0 
2.5 4.0 7.0 8.5 
2.0 6.5 13.0 15.0 
2.0 2 .5 10.0 10.0 
2.5 5.0 10.0 12.0 
1.5 2.5 8.0 6.0 
6.0 14.0 
I 
Average .................................. 1 4.27 6.68 11.87 14 .96 
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TABLE Comparison of rate of growth of 
mycelium from inoculations made at different 
seasons of the year 
I 
Two-Year -Old Trees One-Inch wood of 
DATE INOCULATED 
Above Below Above Be low 
July 15-20 
---····- ·············----
I 
Average ................................ [ 
23-28 .. 
Average 
I 
............ [ 
Inches 
1.5 
1.5 
8.0 
2.0 
4.5 
2.0 
4 .0 
1.0 
6.5 
2 .0 
1.0 
----···· --------
·····-· 
3.09 
9.0 
8.0 
1.5 
3.0 
6.0 
7.0 
2 .5 
4.0 I 
3.5 I 
4.0 I 
1.5 I 
1.0 I 
I 
4.25 
. I 
Inches I Inches I Inches 
1.5 I 9.0 I 14.0 
2.5 I 9.0 I 6.5 
12.0 14.0 I 30.0 
3.0 5.5 I 1 3.0 
6.0 16.0 I 24.0 
4.0 14.0 I 25 .0 
8.0 5.5 I 6.0 3.5 14.0 16.0 
8.0 I 11.0 I 6.5 
6.5 I 4.0 I 7.5 
2.5 I 24.5 I 31.0 
........................... 1 18.0 I 22. 0 
5.23 12 .04 1 6. 79 
4.5 7.0 7 .5 
9.0 3.0 11.0 
2.5 3.5 6.0 
4.5 14.0 19.5 
4.5 12.5 15 .0 
8.0 12 .0 18.0 
6.0 12.0 14 .0 
6.0 6.0 18 .0 
5.5 5.0 10.0 
7.0 12.0 
2 .0 12 .0 30 .0 
1.5 14.0 12.0 
5.08 8. 79 14.42 
lations made in June. The average growth of J une inocula-
tions in branches of mature trees was no greater than that of 
J uly inoculations. The J uly inoculations in young trees aver-
aged Jess growth than the August inoculations. Ben Davis 
t rees of equal size and vigor were used in both series. The 
writer is unable to expla in t he m uch more rapid growth from 
inoculations made in late summer. It could not have been be-
cause the spores were more virile late in the summer since half 
of the inoculations in each case were made with pure cultur e. 
H ence the trees must have been more susceptible a t t hat time. 
However, if t his is true, it does not explain why the lat e inocu-
lations made such a phenomenal growth compared to t he infec-
tions which had the whole season in which to grow. 
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During the winter of 1916-1917 a number of two-year-old 
trees were planted in large jars in the greenhouse. A group 
of 10 were inoculated just as soon as set, 10 more four weeks 
later just as the buds were swelling, and an equal number 
as soon as the trees were in full leaf, which was about five 
weeks after the second series. They were examined fourteen 
weeks after the first inoculations were made. The average 
growth in the first series was 18.75 inches above and 20.75 
inches below the inoculations, or a total of 49.5 inches. This 
was an average of slightly over 3.5 inches per week. The sec-
ond series made an average growth of 8.2 inches above and 
9.5 inches below, or a total average of 17.7 inches. This was 
an average of 1.77 inches per week. The third series made 
when the trees were in full leaf showed an average growth of 
1.37 inches above and 1.45 inches below, or a total average of 
2.82 inches. This was an average of 0.56 inch per week. The 
data thus far indicate that the mycelium makes its most rapid 
progress during the season when the tree is making little 
growth. Whether the slow growth is due to the retarding 
influence of an abundance of water and a lack of air or 
whether rapid growth is due to the presence in the tissues of 
stored food materials, the writer has been unable to deter-
mine. 
EFFECT OF SOIL MOISTURE ON SUSCEPTIBILITY 
An effort was made to ascertain the relation of the amount 
of moisture in the soil to susceptibility to blister canker. Oil 
barrels were secured and sawed thru half way between the 
heads. Each end made a large tub. The oil was burned out 
and the tubs set in the ground so that only about three inches 
of the top remained above the surface. The trees were planted 
in soil in these tubs which were covered with a flat cone of 
rubberoid roofing to exclude rain. Water was prevented from 
running in at the hole around the tree trunk by a shield of 
potter's clay. 
In one series the soil was kept saturated, in another the 
water content of the soil was kept at the optimum for normal 
growth, while in the third only enough water was supplied to 
keep the trees from dying. 
In the saturated series all of the trees soon died so that no 
data could be secured. The data from the other series are 
given in table 10. 
There was considerable variation in the individual trees 
of the same series, and in several cases trees with an optimum 
TABLE 10-Effect of moisture content of soil on resistance of young trees 
1-YEAR-OLD TREES 
Region In- Distance Dis- Distance Dis- Distance Dis- Distance Dis-VARIETY ocu lated ease Progressed eas e Progressed, ease Progresse d, ease Progresse d, Trees in Dry Soil Trees in wet Soil Trees in dry Soil Trees in wet Soil 
Above Below I Above I Below Above I Below I Above I Below 
Inches Inches Inches Inches Inches Inches Inches Inches 
Trunk ................. 
36.0 28.0 9.0 4.5 30.0 I 30.5 6.0 4.5 
40.0 24 . 5 8.5 9.0 31.5 I 33.0 7.0 8.0 29.5 31.5 11.5 12.0 .................... 1 ....... .... .......... 3.0 5.5 
Ave rage ................ 28.oo 9 . 67 8.50 30 . 75 31.75 5.33 6.00 
1-year-old 5 .5 8.5 I 1.0 2.5 3.0 3.0 1.0 1.0 
branches ..... 7.5 11.0 
··------ -------····-
4.0 5.0 1.0 1.5 
3.5 9.0 1.0 3.0 4 .5 0.5 1.0 
Ben Davis ................ , Average ................ 5.50 9.50 1.00 l. 75 4.17 o.83 1.17 
Trunk .............. { 
i i 
3.0 7.5 2.5 i 4.0 ., ............... --------·-··-·--- ·--·················· --------------·--··· 
2.5 7.0 2.5 
I 7.5 .,, .. ,., ......... . ... 1 .. --- ·················· --------------·-----4.0 8.0 1.5 2.5 ............ j ........ ---···-············· ... ----······ 
Average ................ 3.11 7.50 2.11 4.67 I I I 
I 
I 
I-year-old 6.5 8.5 1.0 2.5 
---------·-········· ·-··················· 
bra nches*. 2 . 5 6.0 3.5 
--------············ 
---················· 
4.0 I 7.0 1.5 1.5 -------------------- ----·-······ ···-·-·· 
Average ................ 4.33 7 .17 2.00 3.17 I I I I 
Trees inocu lated May 22, 1916, exami ned Novemb er 1, 1916. All oth ers inoculated August 23, 1915, examined 
Apri l 15, 1916. 
" 
;ta. 
ti;:, 
TABLE 10- (Continued)-Effect of moisture content of soil on resistance of young trees 
2-YEAR-OLD TREES I 1-YEAR-OLD TREES 
Region In- D istance Dis- D istance Dis- D istance Dis- Distance Dis -VARIETY ease Progressed, e ase Progressed ease Progressed, ease Progressed, oculated Trees in Dry Soil Trees in wet Soll Trees in Dry Soil Trees in Wet Soil 
Above Be low Above I Below Above Be low Above I Below 
Inches Inches Inches Inches I Inches Inches Inches Inches 
Trunk---------------{ 
4.0 
I 
6.0 4.0 4.0 3.5 I 3.0 2.0 10 .5 
3. 0 8.5 8.5 9.0 6.5 
I 
6.0 1.5 1.5 
6.5 I 8.0 2 .5 6.5 4 .0 2 .5 ...... .................... 
I 
7.50 I 5.oo I I 3.83 I I Average ............ 4 .50 6.50 4.67 1. 75 6.00 
Jonathan .. _ 
1-year-old 3.0 4.0 5 .5 4.0 2.5 3.5 2.0 3.5 
branches _ 12.5 14 .0 3. 0 4.0 0.5 0.5 
. --·--············- ---------------······ 
2 .5 3.5 6.5 14.5 2.0 2.0 4.0 4.0 
I I 
5.oo I I I 3.00 I Average ... _. __________ 6.oo 7 .17 7 .50 2.00 3. 75 
··-- -- ···· --{ 
. ---- -------····· 
4.0 6.0 6.0 I 6.5 2.5 4.5 
10. 5 6.5 10.0 3.0 I 4.5 1.0 3.5 
6.0 2.0 4.5 1.5 I 2.0 1.5 2 .0 
I I I I I I Average ___ ___________ . s .oo 8.25 4.17 6.83 3.50 4.33 1.67 3.3 3 
N. W. Greening _____ I I I I 
1-year-old 2.0 I 3.5 I 2.0 I 5.0 2.5 I 2.0 2.5 4 .0 branches _____ 1.5 I 2.5 I 3.5 I 4.5 1.0 I 1.0 1.5 1.5 
I 1.0 I 1.0 I 4.0 I 5.5 2.5 I 4.5 -· --------------··· ................... 
Aver age ... -.......... 1 
I I I I I I 
2.33 3.17 5.00 2 .00 2 .50 2 .00 2. 75 
TABLE 10- (Continued)-Effect of moisture content of soil on resistance of young trees 
2-YEAR-OLD T REES 1-Y E AR- OLD T REES 
R eg io n In- D istance Dis- D istance Dis- Distance D is- Distance Dis-VARIETY ocula t ed ease Progressed, eas e P r og r essed, ease Prog ressed , eas e P r ogr essed, Trees in Dry· So il Trees in Wet So il Tre es in Dry So il Trees in Wet So il 
Above I Below Above I Be low Above Be low I A b ove I Below 
Inches Inches Inches Inches Inches Inches Inches Inches 
Trunk ................. { 
14.5 15.0 2.5 2.5 13. 5 15.0 4.5 8.5 
15.5 14.5 6.0 7.0 14.5 18.5 8.0 10.0 
14 .5 15 .0 4.5 5.5 12. 5 18 .5 4.5 8.0 
I I I I I 5.67 I Average ............. 14 .83 14.83 4.33 5.00 1 3.50 .33 8.83 
De licious ..................... I 
I-year-old 3.5 6.0 2.5 6.0 2.0 2.5 4.0 4.5 
branches ..... 2.5 3.0 8.0 14 .0 2.5 3.0 4.5 5.0 
......... ··········1 ..................... 4.5 8.5 2.5 3.0 
-·· ·················· -------- ----- ······ 
I I 
5.oo I I I I Average ................ 3.oo 4.50 9.50 2. 33 2.83 4.25 4. 75 
I I 
Trunk ................. { 
18 .0 I 18.0 I 4.0 5.0 2.0 2.0 4.0 4.0 16 .5 I 16.0 I 3.5 7.0 3.0 3. 0 4.5 5.5 15 .0 I 18.0 I 2.5 4.0 3.0 3.0 2.5 3.0 
I I I I I I 
Average ................ 16.50 .33 3.33 5.33 2.67 2.67 3.6 7 4.17 
Winesap ...................... - I 
I -year-old 1.5 2.5 I 4.0 4.5 ·--·· ······-········· ..................... 3.0 2.0 
bra nch es 2.0 2.0 I 3.5 3.0 2.5 3.0 3.0 3.0 
2.0 2.0 I 3. 0 3.5 2.5 3.0 2.5 3.0 
- I I I I I I 
Aver age ................ 1.8 3 2.17 I 3.5 0 I 3.67 2.50 3.oo 2.8 2.67 
'.< 
¢ 
l:tj 
1:-'l 
;::,--
TABLE 10-(Conclud_ed)- Effect of moisture content of soil on resistance of young trees
VARIETY 
York I 
Region In -
oculated 
Trunk
Average 
1-year-old 
branches 
Average 
- ---
-
Ben Davis
Main root
l Average 
2-YEAR-OLD TREES 
Distance Dis-
Progressed, 
Trees in Dry Soil 
Distance Dis-
ease Progressed
Trees in Wet Soil 
Above Below Above Below 
Inches Inches Inches Inches 
7.0 4.5 3.5 3.5 
3.0 3.0 3.0 3.0 
··----··--------·----
···················-· 
4.0 4.0 
I 
5.oo 3. 75 3.50 3.50 
3.0 5.0 1.5 3.0 
2.0 4.0 2.0 4.0 
2.0 3.5 5.0 1.5 
I I 
2.33 I 4.17 2.83 I 2.83 
9.5 
--··················· 
1.5 
39.0 
----- ---- --------· ---
5.0 
38. 7 5 
---······ ············ 
6.25 
28 .5 
----------········-·· 
............... 
14 .25 ..................... 2.5 
1-YEAR-OLD TREES 
Distance Dis-
ease· Progressed, 
Trees in Dry Soil 
Above Below 
Distance Dis-
ease Progressed, 
Trees in Wet Soil 
Above Below 
Inches I Inches I Inches Inches 
4.5 4.0 
5.0 7.5 
10.0 I 10 .0 I 4.5 6.0 
I I 
10.00 10.00 4.67 5.83 
I 
I 
1.5 
I 
1.0 2.0 3.5 
3.0 3.5 3.5 1.0 
2.0 4.0 2.0 1.0 
I 
2.11 I 2.83 2.50 I 1.83 
···················-- ·······-------------· --------------·------ ··········-----------
---------------···-·· --··················· ......................................... . 
···················-· -------- --- ---------- -----·--····-···--··· •••········· ········· 
····················· ····················· ····················· .................... . 
..................... ... .............. ····················· ......... .. ......... . 
26.00 I I 3.81 1 1 1 1 . 
<',' 
42 Nebraska Agricultural Exp. Station, Research Bul. 12 
supply of water proved more susceptible than those with too 
little water. In the majority of instances, however, there was 
less fungous growth in the trees which received the proper 
supply of moisture. The average of all the inoculations in the 
two series shows a greater growth in the trees lacking water. 
When the inoculations were examined the amount of terminal 
growth made by the trees was measured. The average growth 
was 16.5 inches per tree for the optimum series and 4.35 inches 
for the dry series. This would indicate that conditions which 
contribute to the vigor of the tree tend to inhibit fungous 
growth. 
A number of water sprouts which had made a growth of 
over three feet in one season were removed and sections 12 
inches long inoculated and placed in closed cylinders. An 
equal number of one-year-old branches of terminal growth 
which had made a growth of only 12 to 14 inches were inocu-
lated in a like manner. Fungous growth was much more rapid 
in the water sprouts than in the terminal growth. This may 
have been because the tracheae in the former were very large 
and numerous. 
RELATION OF AVAILABLE NUTRIENTS TO SUSCEPTIBILITY
To determine the effect of different concentrations of min-
eral nutrients and of depriving the trees of certain elements, 
trees were planted in pure river sand and supplied with a nu-
trient solution. The complete nutrient solution was used at a 
concentration of 0.1 per cent, 0.2 per cent, 0.4 per cent and 
0.6 per cent, respectively. Other groups of trees were sup-
plied with the complete nutrient solution minus nitrogen, po-
tassium, phosphorus, magnesium, and calcium. These solu-
tions with one element lacking were used at a concentration 
of 0.2 per cent. 
The solution was administered at the bottom of the jars 
thru a rubber tube attached to a smaller jar. The bottoms 
of the feeding jar and the one containing the tree were on 
the same plane so that the height of the liquid in the feeding 
jar would indicate the height of the water table in the other 
jar. 
A fine screen was placed over the opening on the inside of 
the large jar to keep the hose from being clogged. Two inches 
of coarse gravel was first placed in the bottom of the jar which 
was then filled to within two inches of the top with river sand. 
The tree was put in place as the jar was filled. Two inches 
of clean gravel was placed over the sand and the whole cov-
Blister Canker 43 
ered with rubberoid roofing as in the case of the tubs already 
mentioned, to prevent evaporation and a consequent concen-
tration of the nutrient solution. 
A record was kept of the amount of solution used by each 
tree and the amount of growth made. Table 11 shows the 
relative amount of fungous growth for trees in each solution 
compared with the amount in trees which were inoculated at 
the same time and set in soil. 
The least infection was found in trees set in soil. These 
trees made a much more satisfactory growth than any of the 
trees supplied with nutrient solutions. Of the trees supplied 
with nutrient solutions those receiving a 0.2 per cent complete 
solution made the most satisfactory growth and showed the 
least infection. Trees grown in solutions of higher concentra-
tion (0.4 per cent and 0.6 per cent) were badly infected and 
made little growth. 
The osmotic pressure of the 0.6 per cent solution was so 
great that it was impossible for the trees to obtain sufficient 
water to maintain growth. All but one of the trees lost their 
leaves and were practically dead above and below inocula-
tions. The same conditions obtained, but to a lesser degree, 
for the trees in 0.4 per cent solution. The trees in 0.1 per cent 
solution made little growth but, except for a stunted appear-
ance, remained apparently healthy. They were more heavily 
infected than the trees in soil or those receiving the 0.2 per 
cent solution. 
There was so much variation in the amount of infection 
and such a difference in the amount of growth made by the 
individual trees that no reliable conclusions can be drawn. All 
of the trees made some but in no case a satisfactory growth. 
Even the trees with no nitrogen made considerable leaf growth 
altho there was practically no root growth. The only definite 
statement which can be made is that the greatest infection 
was always found in trees which had made the least growth. 
The supply hose in one of the jars became clogged. This 
was not noticed until several days later when the feeding jars 
were being replenished. It was noticed that none of the solu-
tion in this jar had been used, and that the leaves of the tree 
were wilting. The obstruction was removed but the tree did 
not recover. The hose in three other jars were then stopped 
for five days with like results. All of these trees (indicated 
in table 11 by *) were as badly infected as those grown in the 
solutions of high concentration. 
TABLE 11-Effect of varying amounts of available soil nutrients upon rate of growth 
of mycelium 
1915t 1916
NUTRIENT SOLUTION USED 
--
Above I B el ow Abov e I B el ow 
Complete at 0.1 per cent ............................. 
Inches I Inches 
13 .0 
I 
11.0 
1.0 6.5 
11.0 19.0 
Inches I Inches 
I 31.0* I 28.0 
I 9.5 I 14.5 
1 ·································1 ............................. 
Average ................ . 8.33 I 12 .17 I 20.25 I 21.25 
Complete at 0.2 per cent... ........................... 
I 
9.0 
I 
17 .0 
8.0 24.0 
9.0 3.0 
I 
5.0 I 15.5 
9.5 18 .o 
.. .... ........................... ·· ··· ······················· ... 
Average ................................................................. ............ . 8.67 I 14.67 7.25 I 16. 75 ! 
Complete at 0.4 per cent... ........... ·············-
26.0* 31.0 
20 .0 30.0 
32.0 21.0 
15.0* 
·-····················•····· ··1 
38.0 I 
Average ........................ . 2 6.0 I 27 .33 26.5 I 23.25 I 
Complete at 0. 6 per cent... ........................... 
30.0 20.0 
28 .0 16 .0 
27 .0 * 21.0 
················-· 
30.0 
36.0* 
Average ..... . 28.33 I 19.0 33.0 I 20 .0 
Co~~f1~~e; 
I 
14.0 I 19.0 9.5 20.0 
7.0 I 18.5 
9.0 I I 34.0 
Average .................................................................... . 10.17 I 19 .17 21.50 I 15.00 I 
tinoculated February 9. Examin ed April 15. Gr own in j a r s in greenho u s e. 
Grown o utsid e in jars, inocul a t ed May 22, and examined November 1, 1916. 
•Trees kill ed . 
TOTAL 
Inches 
144 .5 
118 .0 
259.5 
248.0 
161.0 
t3 
l 
t:j 
s-
t 
TABLE 11-(Continued)-Ejfect of varying amounts of available soil nutrients upon rate of 
growth of mycelium 
1915
I 
1916
NUTRIENT SOLUTION USED TOTAL 
Above I Below Above Below 
Inc h es I Inches Inches inches .... \ Inches 1 5.0 I 23 .0 --- ··-·-··-··--··----------------
9.0 I 21.5 3.0 2.5 
12.5 I 31.0 7.0 5.5 I 130.0 
Average ............................................................. 12.17 I 25.17 I 5.00 I 4.00 I 
I 
28.0 I 24 .5 ---- --------------------------- ----------·· ····--·· -· 
19.0 I 8.0 15.0 
21.0 I 3 4.0 37 19.0 234.5 
22.67 I I 22.50 I 17.00 
I I I 
Complete, minu s magnesium 19.0 I 19 .0 ............................... [ 
at 0.2 p er cent ......... 
··························· l 21.0 I 2 8.0 I 7.5 I 12 .5 
19.0 I 27.0 I 5.5 I 8 .5 1 67 .0 
Average ... ................................................... 19.67 I 24.67 I 6.50 I 10.50 
I I 
Complete, minus calcium at 34.0 I 14.0 ····················· ... ································ 
0.2 per cent ..................................................... 22.0 I 21.0 4 .5 I 9.0 
16 .0 I 30.5 30.5* I 27.0 I 208.5 
Average .. ................ . ................................ 8 3 I 17 .50 I 
Grown in soi l... ....................................................... 
9.0 I 5 I 2.5 .0 8.5 I 9.0 2.0 4.5 
11.5 I 12.5 ----------······················· ................... .... 1 71.0 
Average ..................................................... 9.6 7 I 8.6 7 I 2.25 I 
tln oculated Februa r y 9. Examined April 15. Grown in jars in g r eenhouse. 
tGr own outs ide in ja r s, inoculated May 22 , a nd examin ed November 1, 1916. 
•Trees lcilled. 
<'," 
°' 
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Later, trees were planted in jars of soil and watered from 
the top. Four grams of nitrogen, potassium, phosphorus, cal-
cium and magnesium; respectively, were added in a 0.2 per 
cent solution weekly to a series of four jars each. The trees 
were inoculated as soon as they were in full leaf. They were 
examined ten weeks later but no appreciable difference could 
be found in the amount of infection. The trees which received 
nitrogen made a slightly faster growth, but there was no dif-
ference in amount of growth made by the others. 
In the spring of 1915 two fourteen-year-old Ben Davis and 
two Jonathan trees of the same age were inoculated. A trench 
four feet deep was dug around each tree, close enough to re-
move approximately one-third of the feeding roots. The inner 
wail was lined with tar paper to prevent a rapid growth of 
roots out into the soft wet soil with which the ditches were 
filled. 
The trees made very little growth but each bore a crop 
of undersized fruit. The leaves turned yellow and fell long 
before the surrounding trees shed their leaves. In 1916 both 
Jonathan trees bore a light crop but made little growth. One 
of the Ben Davis trees did not bear any fruit and the other 
only a few small apples. The leaves appeared yellow and 
wilted thruout the season. Several characteristic cankers 
were formed. 
When the inoculations were examined it was found that 
all of the heartwood and all of the sapwood except the two 
outer rings in the Ben Davis trees was infected, and in many 
instances all of the wood was infected, so that no data could 
be secured on the amount of fungous growth except to note the 
amount of wood still intact. The Jonathan trees were likewise 
found to be so badly infected that few reliable data could be 
secured. However, the fungus had made much slower lateral 
progress than in the Ben Davis trees as shown by sectioning 
the wood of the trunk and limbs. 
The comparative amount of infection is shown in plates 
XIV and XV. 
V VARIETAL SUSCEPTIBILITY 
A great deal of variation is shown in the susceptibility of 
different varieties of apples to blister canker. There is also 
considerable variation within each variety. The data given 
in table 12 while not conclusive give a fairly reliable indica-
tion of the comparative susceptibility of the different varieties. 
These data do not agree in all cases with field observations. 
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Field observations indicate that varieties such as Missouri, 
Janet, and Maiden Blush are comparatively less susceptible 
than conclusions drawn from table 12 would indicate. In the 
main, however, field observations and inoculation data corre-
spond quite closely. The inoculations in this series were all 
made in the heartwood during the same week and were exam-
ined at the same time. 
It was noted in examining young trees which had been 
inoculated that when the varieties were on their own roots 
the susceptibility of the roots corresponded to that of the tops, 
but in budded trees where all of the roots had come from the 
seedling stock the roots showed all degrees of susceptibility 
ranging from great resistance to great susceptibility. 
There was less difference in the percentage of inoculations 
which proved effective in the different varieties than in the 
comparative amount of growth made by the effective inocula-
tions. The difference was most noticeable where inoculations 
were made in active xylem. The percentage of effective inocu-
lations was high in all varieties where the inoculations were 
made in the heartwood. On account of having a very limited 
number of trees of many of the different varieties it was im-
possible to make enough inoculations to furnish satisfactory 
data on this phase of the subject. 
According to the data given above and field observations 
the varieties are tentatively grouped as follows: 
Very Moderately Moderately Very 
Resistant Resistant Suscep tible Su sceptible 
Oldenburg Jonathan Yo r k Delicious 
Wealthy Winesap Willow Twig Ben D avis 
Arkansas Rome Beauty Gano 
Arkansas Black Maiden B lush Yellow 
J anet Champion Tra n spa r ent 
Minkler Grimes 
Fameuse (Snow) Misso uri 
Stayman Winesap Northern Spy 
Virginia Bea uty Chicago 
Wolf River Yates 
Northwest K ing Davi d 
Greening Walbridge 
Malind a 
Susceptibility may and no doubt does vary in different 
localities and under different conditions as does susceptibility 
to apple scab and apple blotch (Cooper5). Variation in suscep-
TABLE 12-Varietal susceptibility as shown by a comparison of rate of growth of mycelium 
above and below inoculations in wood of different varieties 
'.<: 
Inch ·wood lnch ·wood 2 Inch ·wood Total ¼ I nch wood ½ I nch Wood 
VARIETY Averagefor 
Above j Below Above Below Above B elow Above B elow Above Below Variety 
lnches Inches Inches Inches Inches Inches Inches Inches Inches Inches 
1.0 2 .0 2.0 2.5 5.0 10.0 25.0 47.0 44 .5 39.0 
2.0 4.0 12.0 18 .0 2.5 2.5 32 .0 46.0 59.0 58.5 
1.0 1.0 3.0 12.0 13 .5 14. 5 6.0 18.0 38.5 42.5 
2.0 2.0 11.0 25.5 29.0 31.0 29.0 38.0 62.5 70.0 
Ben Davis _________ 1 I 1.0 1.5 10 .5 36.0 13.0 15.5 24.5 29.0 .................. .. -----------
1.0 1.0 12 .0 30.0 6.5 14.5 21.5 32.0 
------·-·········· 
.................. 
0.0 1.0 9.0 9.5 16 .0 24.0 36 .0 21.5 
·----·-----·-···-·1 
2.0 2.0 
----------
.................. 8.5 16.5 28.5 29.0 I ::::::::::::::::::/:::::::::::::::::: / 4.0 3.5 
------ ----------
··············-·-· 
25.0 30.5 28.0 24.5 
5.0 8.0 
·················· 
·--------------
-------------1----------------- 50 .0 49 .0 1-----------------1 1 :::'l 
Average --------------1 1.90 2.60 8.50 19 .07 17.67 28.05 33 .40 51.12 52 .50 22.80 
1.5 I 2.0 
I 
6.0 4.5 5.0 3.0 6.5 8.5 2 6.0 38.0 
3.0 
I 
3.0 3.5 6.0 8.0 6.0 16 .5 27.5 28.0 22.5 
2.5 2.0 2.0 2.5 8.0 16.0 39.0 41.5 21.5 32.0 
3.0 7.0 1.0 1.5 17.0 19.0 39.0 31.5 
6.0 6.0 4.0 4.5 20.0 21.5 .................. 
----------------
Jonathan I - ---------------1 -----· ·-··--------1 2.5 2.0 1.5 2.0 6.0 12.0 ·······-··-······· .................. 
3. 0 3.5 13.0 10 .5 18 .0 20.0 
-------- -------- ··-·-············· 
2.0 2.0 12 .0 14.0 18.5 21.0 
·············-
------------------
12.0 10.5 3.0 3.0 .................. 
·········-·-······ 
::::::::::::::::::/ :::::::::::::::::: b;:l 3.0 2.0 5.0 6.0 
10.0 24.0 
·--·--- -----------
·················· ----·············· ------------------1-------------
Average 
---- 1 2.33 2.33 4.82 6.37 6.05 ! 6.65 21.31 I 31.01 I 31.0 12.97 
TABLE 12-(Continued)-Varietal susceptibility as shown by a comparison of rate of growth 
of mycelium above and below incoulations in wood of different varieties 
Inch Wood Inch Wood I n c h Wood 1 Inc h Wood 2 Inch Wood Total 
VARIETY Average for 
Above Below Above B e low Above Below Above B e low Above Be low Variety
Inches Inches Inches Int:hes Inches Inches Inches Inches Inches Inches 
1.0 1.0 10.0 4.5 6.5 10 .0 36 .0 41.0 ' 49 .0 43.0 
0.0 1.0 8.5 21.0 8.0 6.0 16.0 10 .0 49 .0 42.5 
2.0 2.0 3.5 6.0 5.0 3.5 8.5 11.5 16.5 24.0 
. ------------- --
5.5 10.0 15.0 13.5 
----·-··· ····-··-· ·······---- -••·-·· 
Average 1.0 I 1.33 7.33 10.50 6.25 7.37 18.87 19 .oo 38.17 36.50 
-- --------{ 
10.5 16 .0 14.0 25.o 16.0 24.0 28.5 2 6.0 59 .0 56.5 
Delicious 8.0 12.5 13 .5 18.0 3 6.5 36.0 2 0.5 31.5 41.0 52 .0 
---·--·-········· . ··---· ············ -- -- --------------1 ------------------ 15.0 1 9.5 .................. •····· ---------· 36.5 44.5 
Aver age 9.2 5 14.25 13.75 21.50 22.5 26 .50 24.50 28.75 45.50 51.00 25 .75 
Grimes
I I 
2.0 2.0 10.0 10. 5 14.0 12 .5 37.0 51.5 45.0 54.0 
2.0 2.0 1 3.5 14 .0 14.0 20.0 14.5 28.0 39.0 31.5 
1.5 2.0 5.5 6.5 5.5 17 .0 12 .0 15 .5 31.5 45.5 
2.0 2.0 15.0 1 5.5 6.5 8.5 6.5 15.0 48.0 47 .0 
- ----···-······· 
.................. 
··············--
------------------
8.5 14.0 .................. 
---------- --- ---
35.0 I 47.0 
Average 1.87 2.00 11.00 11.62 9.7o 14.4 17.50 27.50 39.70 45 .o 18.03 
York ______ ____ ___ -- ·----! 
I I I 
3.5 4.0 3.0 I 3.5 14.0 24.0 11.5 1 8.0 30 .0 I 41.0 I 
1.0 1.0 I 3.0 I 3.5 8.5 12 .5 23 .0 27.5 44.0 47 .5 I 
2.0 1.5 1------------------1 ---- -------------- 5.0 5.5 12.5 11.0 ------------------ i -- ----------------1 
Average _____________ __ _____ 3.oo 3.50 9.17 14 .oo 1 5.6 7 18 .83 37.oo 44.25 14.97 
?;--
TABLE Varietal susceptibility as shown by a comparison of rate of growth 
of myceliion above and below inoculations in wood of dijjerent varieties 
Inch Wood Inch ·woo d 2 I n ch wood Tota.I Average
I 
for 
Above Be low A bove Bel ow Above Below A b ove B e low Above Bel ow Variety
VARIETY 
Inch Wood Inch Wood
Ingram . .... ···{ ' I 
Average ................. ...... .......... . .. . .... ·····1 2.00 2.00 4.50 12 .00 12.00 23.00 24.50 10.44 
{ I ! I I I . I I I I J anet . ........ ....... 3.o 3.o 6.o 11 .0 4.o s.o 28.o 37.o 35. o 40.o 
.... . ............ ................. 1 8.o 10.5 7.o I 8.o 37 .o 21.0 29.o 38.o I 
Average..... ........... 3.00 I 3.00 I 7.00 I 10 .75 5.50 8.0 0 32.50 29.00 I 32.00 I 39.00 I 16 .9 7 
Prairie Crab·····{ 1.75 \ 1.5 \ .............. \ .................. 2.0 \ 1. 5 \ 3.0 \ 4.5 12.0 \ 
............... 1 1.0 I ....... 1 .................. 4.5 3. o 4.5 3.o 9.5 I 11.0 I 
Average................... 1.75 1.25 1 ............. ........ . . .. . . . .. . 2.25 3.75 3.75 10.75 1 3.75 I 5. 06 
Ma linda 
1.0 1.0 
I I 
I .................. 1 ···············••I ..... :........... 4.5 I 7.o ·················· ·················· .................. ················1 
Average .............. . 1.00 1.00 ................. 1 .................. 3.75 4.oo 5.oo 7.75 14.oo 16 .00 6.56 
Willow Twig 
Average................ . ................. ............... 1 2.33 I 4.66 4.50 I 4.50 I 9.00 I 1 6.00 1 ·········•········1 ................ 1 
01 
0 
~ 
';-:l 
TABLE 12- (Continued)-Varietal susceptibility as shown by a comparison of rate of growth 
of mycelium above and below inoculations in wood of different varieties 
Inc h ·wood ½ Inch W ood Inch Wood 1 Inch Wuod 2 Inch Wood T otal Average VARIETY 
1 
Above B elow Above Below Above Below Variety
Duchess 
Average ........ . .... . ........ .... . . .. . . ..... ...... .. [ .................. [ ..................... . .. . ......... [ ................. [ 2.33 2.67 6.33 4.87 
Missou ri ··············{ 2 .0 \ 3.0 II 36.5 II 20.5 \ 
3.o 3.o 20.5 30.o 40.o 56 .o 60 .0 40.5 
Average.................. 2.50 3.oo 15.50 19 .25 33 .50 42 .oo 48.25 30.50 41.00 28.50 
Roman Stem .... .................. \ .................. \ 2.0 \ 2.0 2.0 5.0 1 .................. \ .................. \ 8.5 \ 8.0 
............... [ .................. .................. [ .................. 2.0 2.0 ................. . ... ...... . . . ...... [ 18.5 24 .o 
Average .................................... [ .................. [ 2.00 I 2.00 2.00 I 3.50 ......... ...... . . ............... [ 1 3.50 I 16 .00 I 6.50 
Arkansas.................. 1.0 \ 1.0 \ 1.0 \ 1.0 8.0 \ 8.5 I 21.0 23.0 24.0 
Average.............. ........ 1.00 1.00 1.00 1.00 8.oo 8.50 21.00 14.oo 23 .oo I 24 .o o I 10.25 
King David ········{ .................. 1 .................. \ 3.0 \ 9.0 13.5 33.0 45 .5 36.0 49.0 
.................. [ .................. [ 1 5.o 21.0 36.o 41.5 I 28.o .................. ............... . [ 
Average ................ [ .................. [ .................. [ 9.oo I 24.75 30.50 38 .25 36.00 I 49.oo I 2 9.09 
. 
TABLE 12-(Concluded) - Varietal susceptibility as shown by a comparison of rate of growth 
of mycelium above and below inoculations in wood of different varieties 
¼ I nch Wood ½ Inch Wood Inch Wood Inch wood 2 Inch Wood Total 
VARIETY verage 
Above Bel ow Above \ Below A b ove \ Bel ow Above Below Above Below variety
Champion .......... 
Inches Inches Inches Inches Inches Inches Inches Inches Inches 
····· ··········1 .................. 2.0 2.0 s.o 19.0 21.5 28.0 I 
.................. .................. .................. .................. 5.0 10.0 5.0 11.5 I 
........•. [ ·····•····· ·•··••· .................. 
················-· 
3 .0 6.5 ............... .... .......... ... 
Aver age ...... . ............. . ... 1 .................. 1 2 .00 5.33 11.83 .............. .. . .. ............. 13.25 19 .75 9.0 3 
I I 
0.5 I 1.5 1.0 I 2.0 8.0 10.5 8.0 7.0 4.5 5.5 
Wealthy .. 2 .5 I 2.5 1.5 I 1.5 2.5 2.0 2.5 5.5 12.0 11.0 
··········••I ·············-···· 4.0 I 4.0 3.5 3.0 4.0 3.0 3.5 6.5 
··················1 .................. .................. [ ............... ................ ········· ·--······ 4 .5 5.0 14 .5 16.5 
Average ......... 1.50 I 2.00 2.50 4. 67 5.17 4. 75 5.1 2 8.62 9.87 4.6 4 
Whitney ........... 
1.0 
I 
17 .0 0.0 .................. 
··--·-·· ·········· 
13.0 14 .0 10. 0 12 .5 I 6.5 
--··· ········ 
-------------·--- ---------······ 
12 .0 3 6.5 12.0 14.0 
------- ········--· -----··-----···--· 
.................. .................. 
··············1 16 .5 40 .o 
Average ............. o.oo I 1.00 ........ ................ 1 3.00 14.oo 11.00 24.50 11.67 I 23.67 I 12.35 
I I I I I I I 
61.0 Maiden Blush ....... .................. .................. 2.5 7.0 14 .0 I 28 .0 21.5 22.0 57.5 
Average ..................................... [ .................. [ 2.50 I 7.00 14 .00 28.0 21.50 22.00 57.50 I 61.00 I 2 6.69 
,::i 
:i,.. 
t_,l,j 
,::i 
,::i 
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tibility of apple trees to blister canker must be due to several 
factors. It is evident that structural differences influence to a 
great extent susceptibility to and amount of infection. That 
the degree of immunity is due in part to physiological factors 
can not be disputed and we may no doubt explain immunity in 
part by means of chemical differences. 
Norton1 4 designated anatomical or structural differences as 
the chief determiner of immunity of asparagus to rust. Ward19 
in a study of rust resistance in Bromes states he has con-
cluded "that the matter has nothing to do with anatomy but 
depends entirely upon physiological reactions of the proto-
plasm of the fungus and of the cells of the host." Jones, 12 Gid-
dings and Lutman do not believe that in the case of potato 
late blight, immunity is determined by either chemical or ana-
tomical factors. Cobb3 asserted that in the case of wheat 
rust anatomical hindrance plays an important part, but this is 
denied by Eriksson.8 Cook and Taubenhaus4 suggest that 
the presence of tannin in the cell sap influences to considerable 
extent susceptibility of trees to fungous diseases. 
That immunity of apple trees to Nummularia discreta does 
depend to a large extent upon cellular structure or mechanical 
resistance is indicated by the fact that certain varieties which 
have been found very resistant were found on examination to 
have a cellular structure different from that of other varieties 
which are decidedly susceptible. Table 13 gives a comparison 
of the number, size, and thickness of cell walls, of tracheae, 
wood cells, and medullary ray cells in different varieties. By 
referring to table 12 it will be seen that varieties such as 
Delicious and Ben Davis are very susceptible, Winesap and 
Jonathan moderately resistant, and Oldenburg and Wealthy 
practically resistant. The table shows no constant difference 
in the number of tracheae present in a given area but the 
walls of the tracheae were found on an average to be thicker 
than in susceptible varieties. The wood cells which surround 
the tracheae were found to be considerably larger and thinner 
walled in susceptible varieties such as Delicious and Ben Davis 
than in resistant varieties such as Oldenburg and Duchess. 
A greater proportion of the cells were also found to have 
pitted walls and, since the hyphae must depend upon utilizing 
the pits as a means of passing from one cell to another, it fol-
lows that these varieties would be more susceptible. Perhaps 
the greatest difference in cell structure of the different vari-
eties is in the number and size of the medullary ray cells. 
While there is no great difference in the shortest diameter of 
the cells they are considerably longer in Delicious and Ben 
TABLE 13- Comparison of number and size of cells and thickness of cell walls in susceptible 
and resistant varieties of apples 
TRACHEAE I W OOD CELLS MEDULLARY RAY CELLS 
VARIETY 
I I No. I Diam e t e r I Thickness I Diame t e r 
Th ickness No. D ia m e t er Thi ckness of wall of wall of wall
j mm. mm. mm. mm. mm. mm. 
Delicious ..... 35 I .044 88 .0 0204 .011475 .00 33 151 .0150 X .0357 .00111 
Ben Davis ........ I .0468 .002295 .0114 .0034 19 1 39 .0150 X .03 .00105 
Winesap ........ 27 .0 3 417 .003825 .00867 .00459 101 .01 50 X .0204 .00204 
Wealthy ............. 31 .0 3468 .00 4131 .00765 .0051 83 .0150 X .0195 .00195 
Oldenburg ..... 37 .02703 I .004182 .00816 .00561 76 .0 X .015 .00228 
Prairie Crab. 39 .03417 I .003825 .00867 .00585 71 .01.:ox.015 .00255 
I 
'.<: 
,:) 
t,,:j 
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Davis than in the other varieties mentioned and have much 
thinner walls. 
There is also decided difference in the relative size and 
number of cells in the tissues formed early in the season and 
those formed rather late in the fall. The earliest and most 
abundant infection is almost always found in the region of 
the larger cells, formed in the early spring growth. The com-
parative number of late thick-walled cells is much greater in 
the before mentioned resistant varieties. 
In making cell measurements and counting cells the area 
covered under a high power objective was taken as standard. 
This measured 0.36 mm. in diameter. The tissues formed early 
in the spring and late in the fall of each annual ring formed 
during the last five seasons were examined in each variety. 
Five specimens of each variety were examined in each region, 
making a total of 50 examinations for each variety. The data 
shown in table 13 represent an average for all these measure-
ments. 
The number of medullary ray cells was determined from 
tangential wood sections. The different dimensions of the cells 
were determined by using both cross and tangential sections. 
These data while of a preliminary nature show clearly that 
structural differences play no small part in influencing im-
munity of apple trees to Nummularia discreta
It is also quite evident that immunity is influenced to 
some extent by physiological factors. The fungus progresses 
much more slowly in tissues where the protoplasm is still 
active. In fact the regions of the cambium and phloem are 
rarely if ever invaded until the tissues have been killed. As 
soon as the tissues are killed they are readily invaded as shown 
by both laboratory and field inoculations. This in itself does 
not account for the difference in degree of immunity of differ-
ent varieties unless the age at which the cell content becomes 
inactive varies. There is a great variation in the age at which 
xylem tissues remain active in different species of trees but 
how much difference there may be in different species or sub-
species and varieties of Malus has not been determined but is 
being studied by the writer at the present time. 
By comparing the rate of growth of mycelium in tissues 
which were known to be active and those known to contain no 
protoplasm some interesting results were obtained. In secur-
ing these data 20 inoculations in one-year-old xylem of Ben 
Davis, Delicious, Jonathan, Winesap, Oldenburg, and Wealthy 
were examined. Ben Davis and Delicious were grouped to-
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gether as susceptible, Jonathan and Winesap as moderately 
susceptible, and Oldenburg and Wealthy as resistant. A like 
number of inoculations in the heartwood of each variety were 
examined at the same time and grouped in the same way. 
Total growth above and below the inoculation was considered. 
There was a great deal of variation in the amount of growth 
made by the fungus in each variety, as shown by the data in 
table 14. In order to reduce the experimental error to a min-
imum much larger numbers should be employed than those 
used in securing the above data. However, considering the 
probable error the results clearly indicate that some factor or 
factors in addition to anatomical differences operate to influ-
ence immunity. 
TABLE 14-Relation of active and inactive tissues to varietal 
susceptibility 
Average Range of Average Range o f Variation Variation 
GROUP G r owth in Growth One -Year- in H eart-
I Old Xylem Mini- 1 Maxi - w ood Mini - Maxi-mum mum mum mum 
I Inches I In. I In. Inches I In. In. 
I i I 
1. Susceptible 
-- ---··-··--------
28.03 I 4.5 44.0 94. 7 I 84.5 146 .0 I 
I I 
2. Moderately SUS- I I 
ceptible 
--- --------- ---------
9.8 I 2.5 3 6.5 65.2 I 51.0 92.0 
I I I 
3. Resistant 
-------· 
--······---
3.1 I 0.5 7.5 11.5 I 4.5 I 31.5 I I 
If no factors other than anatomical differences operate to 
influence the rate of growth, the fungus should make relatively 
as much growth in one tissue as another. Therefore, con-
sidering the rate of growth in inactive tissues of groups 1 and 
2 as standard it would be expected, assuming 28.03 to be cor-
rect amount of growth in active tissue for group 1, that the 
amount of growth in group 2 would be 19.4 inches, but instead 
it is 9.8 inches. Considering groups 2 and 3 in the same way, 
the amount of growth in active tissue in group 3 should be 
17.2 instead of 3.1 inches. 
Branches of the different varieties sterilized by steam 
under pressure and then inoculated showed practically the 
same amount of growth in all xylem tissues. There was ap-
proximately the same difference between woods of different 
varieties as was shown in field inoculations in heartwood. 
Blister Canker 57 
Branches were also notched deeply below the point of in-
oculation. In such cases the fungous growth was always more 
rapid than where the limbs were left intact. 
The effect of cutting off the water and food supply of trees 
has already been discussed. 
The foregoing data all indicate that both anatomical and 
physiological factors are concerned in modifying immunity to 
blister canker. 
METHODS OF CONTROL 
During the fall of 1912 a series of experiments was insti-
tuted to discover some means of controlling blister canker. 
One method was to cut out the canker. In doing this the 
cankered surface was removed and the discolored wood cut 
away until sound wood one inch deep surrounded the wound. 
Another was to remove the branch on which the canker was 
located. When it was found impracticable to remove the 
branch the canker was cut out. In cutting out a canker where 
too little sound wood surrounded the wound, the branch was 
removed. 
A number of different disinfectants and covers were used 
on both kinds of wounds. They were so arranged that each 
cover would be used with every disinfectant in about the same 
number of treatments. Some wounds were left without covers 
and some without disinfectants. 
A number of trees were pruned heavily at the time the 
cankers were treated while the remainder were left unpruned. 
All treatments were numbered and records were made of 
the location, size, depth of cut (where the canker was cut out), 
and amount of sound wood between the discolored area and 
the surface of the bark. 
At the end of the first season as indicated in table 15, it 
seemed that a high percentage of the treatments would prove 
effective since the wounds were healing nicely in the majority 
of cases and both trees and foliage appeared healthy. At the 
end of the second season, however, it was apparent that treat-
ing cankers according to any of the methods used would not 
prove satisfactory. In many instances the disease was visible 
in the bark at one or more points at the margin of the old 
treatment. On examining these treatments it was found that 
the disease appeared in the bark at points in the margin where 
the discolored wood was nearest to the surface at the time 
the treatment was given, or where for some reason the tissues 
TABLE 15-Showing efficiency of canker treatments 1, 2, 3, and 5 years after treatment* 
1913 19 14 
No. 
D l SINFECTANT of Effective Not Effective Ef(ect ivc Not Effect ive Treat-
ments
No. P e r Cent No. P e r Ce nt No. Per Ce nt I No. Per Ce n t 
I 
I 
I 1 Phenol... ....................................... 36 34 94.45 2 5.55 14 38.88 22 I 61.12 2 Mercuric chloride ................. 20 20 100 .0 0 0.0 9 45.0 11 55.0 
3 Bordeaux 4-4-50 .................... 18 14 77. 78 4 22.22 6 33.33 12 66.67 
4 Copper sulphate .................... 13 11 84 .62 2 1 5.38 3 23.08 10 7 6.92 
5 Formalin ......... .............. 12 8 6 6.67 4 33 .33 4 33.33 8 66.67 
6 Formalin 2 .......................... 10 10 100.0 0 0.0 5 50.0 5 50.0 
7 Formalin 40 % .......................... 6 5 83.33 1 16.67 3 50.0 3 50.0 
8 Lime sulphur 1.01 sp. 9 9 100 .0 0 o.o 4 44.45 5 55.55 Check ... ........................ ............... 4 ............. 
----- --······ ······· -·---
4 100.0 .............. ........ .............. 4 100.0 
I I I I ! I I Total... ........................... 128 111 I 8 6. 72 17 I 1 3.28 48 I 37 .5 I 80 I 62.5 
I I I I I COVER 
I I 1 Solid asph a ltum ... ................ 23 23 100.0 0 0.0 9 39.13 40 60.84 Liquid asphaltum dis- I I 
solved in gasoline ............ 11 9 81.82 2 18.18 3 27 .27 8 72. 73 
3 Liquid asphaltum dis-
solved in linseed 18 15 8 3.33 3 16.67 8 44.45 10 55 .55 
Pine tar ...................................... 13 11 84 . 62 2 15 .38 3 23.08 10 76.92 
5 Coal t ar ..................... .... ........... 13 13 100.00 0 0.00 5 38.46 8 61.54 
6 White lead and oil ............ 14 12 85. 72 2 14 .28 8 57 .13 6 42.87 
7 Venetian r ed and oil... ......... 16 14 87 .50 2 12.50 6 37 .50 10 62.50 
8 Grafting wax ... ...... ................ 10 10 100.00 0 0.00 2 20.0 8 80 .0 
Check ......... ............................ 10 4 40.00 6 60.00 4 I 40.0 6 60.0 
I I I I I I I I Total ................ ...................... 128 I 111 I 86. 72 17 I 1 3.28 48 I 37.5 I 80 I 62.5 
All treatm e n ts represente d in thi s table w e r e m ade in 1912. D ates at the to p indi cate w h e n examina ti o n s w e r e 
mad e. 
:;.. 
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TABLE 15-(Continued)-Showing efficiency of canker treatments 1, 2, 3 and 5 years after 
treatment* 
1915 1917 
No. 
DISINFECTANT of Effective Not Effective Effec tive Not EffectiveTreat-
men ts 
No. P er Cent No. Per Cent No. P er Cent I No. Per Cent 
1 Phenol... .......................................... 36 12 33.33 24 66.67 
I 
5 13 .88 31 86.12 
2 Mercuri c chloride ................ 20 5 2 5.00 15 7 5.00 4 20.0 16 80.00 
3 Bordeaux 4-4-5 0 ................... 18 3 16.67 15 83.33 3 16 .67 15 83.33 
4 Copper s ulph a t e ...................... 1 3 3 23.08 10 7 6.92 0 0.00 13 100.00 
5 Forma lin 10 % .......................... 12 2 16.6 8 10 83.32 2 16 .68 10 83.3 2 
6 Formalin 20% .......................... 10 2 20.00 8 80.00 0 0.00 10 100.00 
7 Formalin 40% ........................ 6 2 33.33 4 66.67 1 16.67 5 83 .33 
8 Lime s ulphur 1.01 sp. g r. . 9 0 0.00 9 100.00 0 0.00 9 100.00 
Ch eck ... ........................................... 4 0 0.00 4 100.00 0 0.00 4 100.00 
12 8 I I I I I I I Total.. ................................ .... 2 9 22.65 77.35 1 5 I 11. 72 I 113 I 88. 28 
I I COVER 
I I 1 Solid aspha l tum ..................... 2 3 3 13 .05 20 86.95 3 13.05 20 86 .95 
2 Liquid asphaltum dis-
I I solved in gasoline .......... 11 2 18.1 8 9 81.82 2 18.18 9 81.82 
3 Liquid asphaltum dis- I I solved in linseed oil.. .. 18 6 3 3.33 12 66.67 3 16.67 15 83.33 4 Pine tar ........................................ 13 2 15. 38 11 84.62 2 15.38 I 11 84 .62 5 Coal tar ..................................... 13 4 30 . 77 9 69.23 2 15.38 11 84.6 2 
6 White lead and oil... ............ 14 6 42 .87 8 57.13 2 11 .28 12 85. 72 
7 Venetian red and oil... ....... 16 4 25.0 12 7 5.0 1 6.2 5 15 93. 7 5 
8 Grafting wax ............................ 10 1 10.0 9 90.0 0 0.0 10 100.0 
Check ... . .......................... ······- 10 I 1 10.0 9 90.0 0 0.0 10 100.0 
Total -···········--· ·······----·--·--·- ..... 128 I ! I I I I 29 22.65 77 .35 15 11. 72 113 88.28 
All treatments r epresented in this table w ere mad e in 1912. Dates a t the t op indi cate when examinations w er e 
made. 
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had not been sufficiently nourished. Where the cut was made 
straight across the top or bottom of the wound instead of being 
made pointed or where insufficient foliage was left on a branch 
to insure the proper amount of elaborated food materials to 
heal the wounds, cankers appeared almost invariably. 
The unsatisfactory results led to the institution of the more 
fundamental experiments which have already been described, 
together with more minute observations of the treatments 
already made. New treatments were made each season as 
cankers appeared. The same methods were followed except 
that an effort was made to eliminate all discolored wood. In 
all cases the amount of wood free from discoloration was 
measured and the number of annual rings of growth repre-
sented was noted. In all 115 trees were treated. The total 
number of original treatments was 341. Of these 22 were re-
treated three times, 105 were re-treated twice, and 214 were 
re-treated once. This totaled 831 treatments. 
In so far as the beneficial effects of the various covers and 
disinfectants used are concerned table 15 may be taken as 
representative of the treatments made after 1912. Whether 
or not canker hyphae were left in the tissues at the time of 
treatment was found by close observation and microscopic ex-
aminations to be the determining factor. The effect of either 
covers or disinfectants was practically negligible where in-
fected wood was left. 
A number of artificial infections in young trees in the 
greenhouse were treated but not covered. In some the dis-
colored strands were all removed while in others a small 
amount of the discolored wood was left. In all cases fungous 
growth continued from the remaining discolored wood while 
no evidence of the disease could be found in the trees where 
the discolored wood had all been removed. 
It was found that the fungous growth was more rapid near 
the treatments than in similarly cankered limbs where no 
wounds were made. This was no doubt due to the fungus 
being able to secure oxygen more readily. A number of 
wounds were made in pairs in branches which contained myce-
lium close to the surface. One of each pair was disinfected 
and covered in the same way that canker wounds were treated 
while the other was tightly wrapped and waxed over to exclude 
air. In practically every case characteristic cankers formed 
about the wound which was not tightly wrapped. A few of 
the wrapped wounds also developed cankers, but such cankered 
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areas were much smaller than those which appeared at the 
unwrapped wounds. 
Heavy pruning was found to be injurious rather than bene-
ficial where the trees were heavily infected. While it induced 
more vigorous growth of the tree, it also exposed the mycelium 
of the fungus to the air wherever large wounds were made. 
Cankers almost invariably appeared at these pruning wounds 
within one or two seasons. 
Radial growth of the fungus in badly infected trees was 
observed by cutting off large limbs at the trunk and noting 
both the amount of wood in inches and the number of annual 
rings free from the disease. It was noted that the fungus 
occupied about the same relative position in the trunk and 
larger limbs when the number of annual rings from the sur-
face was considered. There was considerable variation in the 
amount of wood free from disease when measured in inches, 
due to the fact that some branches were much larger than 
others of the same age. 
The fungus is not always confined to tissues of the same 
age. Most limbs grow faster and have a much thicker annual 
growth on one side than on the other. Hence the fungus is 
usually much nearer the surface on one side of the branch 
than on the other, even when confined to tissues of the same 
age. It was found that if the growth of a branch was ma-
terially checked, the fungus grew thru the greatest number 
of annual rings of tissue on the side where these rings were 
the thinnest. Usually the least deposit of tissues is made on 
or near the upper surface of the branches. Here also, as a 
rule, the largest number of injuries occur. Often a very shal-
low wound extends entirely thru one year's growth of wood. 
This permits a more rapid advance of the fungus. These 
tissues are also much less ·active than on the lower side of the 
branch where the heaviest deposit of tissues usually occurs. 
There are actually fewer cell walls to penetrate on the side 
where the annual rings are the thinnest, since lack of growth 
consists of a fewer number of cells rather than lack of size of 
individual cells. It was noted that the proportion of cells pro-
duced late in the season and having relatively thick walls was 
much less in the regions of least growth than on the opposite 
side of the branch. 
In the most susceptible varieties of trees under normal con-
ditions the fungus was found to grow very rapidly in the 
heartwood. When active tissues were encountered the growth 
of the fungus was checked, but it still advanced slightly faster 
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than new tissues were being added on the outside. When the 
growth of the trees was materially checked the fungus gained 
very rapidly often killing the tree. This explains why so many 
Ben Davis trees died during and soon after the severe drouth 
of 1913. The trees were already infected and were checked 
by the drouth to such an extent that the fungus was able to 
invade the tissues very rapidly. Jonathan, Winesap, and 
many other varieties suffered to a much less extent. In these 
varieties the fungus was found to progress little if any faster 
after active tissues were encountered than new tissues were 
added when the trees were in a normal condition. Hence even 
when checked by the drouth these varieties still offered a 
great deal of resistance to its advance. 
METHODS OF PREVENTING INFECTION
All accumulated data and observations indicate that 
methods of control for blister canker must be preventive 
rather than curative. 
The importance of avoiding wounds of all kinds to any 
parts of the tree has already been emphasized, as well as the 
necessity of keeping the tree in a moderately vigorous state of 
growth. The protection of all wounds from infection is of the 
utmost importance. This may be done by eliminating the 
source of infection by preventing the formation of spores, or 
inhibiting them in some manner, and by using disinfectants 
and adhesive dressings for the wounds. 
It was noticed in the laboratory that the stromata absorb 
water very readily, and that a considerable amount was taken 
up before the spores were expelled. Copper sulphate and lime 
sulphur were then used to ascertain if such materials would 
inhibit spore germination. The different materials in solution 
were absorbed readily and the beneficial results were found to 
be twofold. The quantities of spores expelled were noticeably 
less when either copper sulphate or lime sulphur was used 
than when water was used. It was also found that a high per-
centage of the spores did not germinate. The difference was 
most striking when copper sulphate was employed. When 
lime sulphur was used about 3 per cent to 5 per cent of the 
spores germinated and a few produced normal mycelium. 
When copper sulphate was used 1 per cent to 3 per cent ger-
minated but in no case was normal growth obtained. The 
hyphae rarely reached the branching stage but after they at-
tained a length of about 1 mm. remained stationary for a time 
and then disintegrat ed. 
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A number of inoculations were made with ascospores on 
pruning wounds 1 to 2 inches in diameter. These wounds had 
been covered six months before the inoculations were made. 
Similar wounds were made and thoroly disinfected three 
weeks before being inoculated. The results a r e given in table 
16. It was not noticed until too late to remedy the omission 
that no check was left for the series of disinfectants. 
TABLE 16-Efjiciency of various coverings and disinfectants
used for pruning wounds in preventing infection* 
I 
T o t a l Num- N umb e r of 
TREA T ME N T OF W OUNDS b e r of In- E ff e ctive 
oculations Inoc ul a ti o ns 
------------
COVER I I 
Asphaltum (in g asoline) .............. [ 39 7 
White lead... ........................................... 35 5 
Venetian red--··-···-·············-·· 31 13 
Pine tar .......... ·················-········· 16 5 
Coal tar _ ................... ..... 11 4 
White lead and copper sul-
phate ·-··-·-········ ..................... ............ 1 35 4 
No cover................... . ............... 51 4 9 
DISINFECTANT I 
Phenol ·········--· ········-·--···-·---··················· .... 1 15 11 
Mercuric chloride 1-500 ..... _......... 16 4 
Copper sulphate saturated 
solution ·--·---·---·······--···----- 15 3 
Formalin 2 0 %--·· ·············-·-········ ·····-· 12 8 
Lime sulphur 32 ° Baume 14 6 
Iron sulphate saturated so- I 
lntion ·-· ·····-··--1 11 5 
P e r Ce nt 
Effective 
17.9 5 
41.94 
31.36 
36.36 
11.43 
9 6.08 
73 .06 
25.00 
20.00 
66.67 
42.8 6 
45.45 
•cover s were appli ed six months b e for e inocul a ti o n, di s infec t a nts three 
w ee ks be f o r e inocul a ti o n. 
The evidence indicates that suitable dressings and disin-
fectants aid very materially in preventing infection. Liquid 
asphaltum, and white lead and oil appear to be of about equal 
value. Where either was used there was very little cambium 
injury and no checking of the wood beneath. In a few cases 
the covering raised in blisters which later broke and per-
mitted infection. This difficulty was overcome by making a 
thin application of the paint and later putting on a heavier 
coat. Both pine tar and coal tar were readily absorbed and 
much checking of the wood occurred. There was also consid-
erable cambium injury. 
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Of the disinfectants used copper sulphate proved the most 
satisfactory. The efficiency of copper sulphate is no doubt 
due to the fact that the tissues for a short distance beneath 
the surface of the wound retain the copper for a long time. 
Tests made over a year after several applications of copper 
sulphate to the surface of pruning wounds showed the pres-
ence of copper in considerable quantities. Practically no in-
jury resulted from the use of copper in this way. 
CONCLUSIONS 
1 Blister canker is very generally distributed. It occurs 
in all fruit growing regions of the United States east of the 
Rocky Mountains and is the niost destructive disease of apple 
trees known. 
2 The symptoms of the disease vary with varieties, age 
of trees, available water and soil nutrients and general 
weather conditions. Under certain conditions the injury is 
very similar to that caused by other agencies, such as sun 
scald, winter injury, collar rot, and the so-called arsenical 
poisoning. 
3 Nummularia discreta Tul., is strictly a wound para-
site. Infections may occur thru wounds in both roots and 
branches. 
4 Infection may be present in a tree for several seasons 
before the disease becomes visible on the outside. 
5 The disease is disseminated by means of ascospores, 
conidia, and infected wood. 
6 Both conidia and ascospores are produced thruout 
the growing season if weather conditions are favorable. Co-
nidia are usually produced during the same season in which 
the canker first appears and on the surfaces of the same stro-
mata for many seasons thereafter. Ascospores are produced 
one or more seasons after the conidia first appear. One stroma 
may produce ascospores for several seasons. 
7 Ascospores are much more viable than cvnidia and for 
this reason offer a better means of disseminating the disease. 
However, conidia also play an important role in spreading the 
disease. 
8 Infection rarely occurs in rapidly growing tissues, but 
takes place readily in inactive xylem tissues. 
9 The fungus does not destroy the cellular structure but 
advances thru the pits in the cell walls. The most rapid prog-
Blister Canker 65 
ress is made longitudinally thru the tracheae. Radial 
progress is comparatively slow and is most rapid in the medul-
lary rays. 
10 Hyphae are always found closely associated with the 
characteristic brown discoloration of the wood. The wood 
cells are often killed several cm. in advance of the invading 
hyphae. 
11 The fungous growth is usually slightly faster below 
than above the inoculation in parts of the tree above ground. 
In the roots, the reverse is true. 
12 There is a great deal of difference in the susceptibility 
of different varieties of apple trees to blister canker. Of the 
common varieties Ben Davis, Gano, and Delicious appear to 
be the most susceptible while Oldenburg and Wealthy appear 
to be the most resistant. 
13 Susceptibility is greatly influenced by the general 
vigor of the tree, by the supply of water and soil nutrients, and 
by the season of the year in which the inoculation occurs. 
Trees are rendered more susceptible when too little water is 
available, or when they are under-nourished. The greatest 
amount of infection is found in trees making less than normal 
growth. Trees appear to be least susceptible to infection dur-
ing the period in early spring and summer when they are mak-
ing the most rapid growth. The addition of fertilizers to the 
soil not deficient in any element has been of little or no benefit. 
14 Both anatomical and physiological factors contribute 
to cause a variation in resistance of apple trees to blister 
canker. It is possible that chemical factors may also play an 
important role. 
15 Control measures must be preventive rather than 
curative. A diseased tree can be cured only by removing all 
infection. This is obviously impracticable except in a very few 
cases. 
16 The heavy pruning of infected trees aggravates the 
disease. 
17 Both ascospores and conidia may be inhibited by 
spraying or painting the cankers with either copper sulphate 
or lime sulphur. 
18 Infection may be prevented to a great extent by dis-
infecting and covering all pruning wounds. 
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RECOMMENDATIONS 
PLANT RESISTANT VARIETIES 
One of the greatest factors in controlling blister canker 
is to avoid planting trees which are known to be very suscepti-
ble. It is inadvisable to plant susceptible varieties such as Ben 
Davis and Gano. These varieties will not prove resistant even 
under the most favorable conditions and are of poor quality. 
The Delicious is also a very susceptible variety but is of ex-
cellent quality. Varieties such as Jonathan, Winesap, and 
Stayman will under average conditions live and produce 
heavily for a long time even after the heartwood has become 
infected. 
A VOID WOUNDS 
It is of the greatest importance to avoid making large 
wounds of any kind. This may be accomplished to some 
degree by training the trees while young. Small wounds in 
young trees are (not nearly so easily infected as wounds in
old trees which expose wood several years old. If a tree is 
properly pruned and trained while young little pruning will 
be necessary after the tree reaches bearing age. 
PRUNE AT THE P ROPER SEASON OF THE YEAR 
A little pruning will always be necessary even in well 
trained trees, but by doing this work at a time when there 
is the least liability to infection a great deal of the trouble 
may be avoided. It certainly is not advisable to prune dur-
ing warm, wet weather. Summer pruning at any time is 
questionable where wood more than one year old is removed. 
DISINFECT A N D COVER ALL WOUND S 
\ 
Pruning wounds, even if made during the winter, may 
become infected unless protected by covers. All wounds which 
expose wood more than one year old should be covered. 
Suitable dressings and disinfectants aid very materially 
in preventing infection. Liquid asphaltum, and white lead 
and oil appear to be of about equal value. A tendency to 
blister may be overcome by making an application with the 
paint quite thin and later putting on a heavier coat. Both pine 
tar and coal tar are readily absorbed by the wood and allow 
the wood to check or crack. Considerable cambium injury 
may also occur. 
Copper sulphate has proved the most satisfactory disin-
fectant owing to the fact that the tissues for a short distance 
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beneath the surface of the wound retain the copper for a long 
time. 
PREVENT DISSEMINATION OF SPORES 
By scraping away and burning all cankered bark from 
infected trees or by covering all cankered surfaces with a 
coating of heavy paint or liquid asphaltum a great deal of 
infection may be avoided. In the first case the spores are 
destroyed and in the second they are prevented to some extent 
from escaping. Unless treated in this way all cankers should 
be thoroly painted or sprayed with copper sulphate at the rate 
of ] pound to 2 gallons of water, early in the spring before 
the dissemination of spores begins. This should also prevent 
to some extent the formation of new spores. 
It would also be well when applying the regular orchard 
sprays to cover thoroly all parts of the tree. This would off er 
some protection from canker infection. 
When a cankered limb ceases to bear profitably it should 
be cut off and burned. As soon as a tree becomes so badly dis-
eased that it is no longer profitable it should be removed from 
the orchard and burned. 
New trees may be planted to fill vacancies. There is little 
danger of their becoming infected thru the roots if one or two-
year-old trees are used and the roots are not cut back severely. 
(11-3-'17-5M .) 
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DESCRIPTION OF PLATE I 
Ben Davis tree showing typical cankers at 1. Such a tree will 
produce little fruit, and is a menace to the whole orchard. 
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PLATE I 
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DESCRIPTION OF PLATE II 
Ben Davis tree apparently healthy when examined May 1, 1917. 
The photograph taken July 1 s,hows that practically no growth was 
made after May 1. By the middle of September characteristic stromata 
had appeared on several of the branches. 
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PLATE II 
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DESCRIPTION OF PLATE III 
Grimes Golden tree with large canker on a main branch at I, and 
a large canker extending more than half way around the trunk at 2. 
Cankers like the one at 2, are very common on this variety. 
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PLATE III 
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DESCRIPTION OF PLATE IV 
A. Canker measuring 1 ½ x 7 inches which developed within a 
single week. Stromata appeared on the surface during the same 
season. 
B. Portion of an older canker. No ascospores have yet been 
produced. 
C. Portion of a canker more than four years old. Much of the 
bark has fallen away but the stromata are still firmly attached The 
black color is due to the presence of ascospores which have recently 
matured and been forced to the surface. 
D. Portion of an old canker with the stromata covered with 
conidia. 
E. Portion of a cankered limb from which the diseased bark has 
been cut away revealing the light colored spots with black edges wnere 
the strornata had been attached. 
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PLATE IV 
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DESCRIPTION OF PLATE V 
A. Camera lucida drawing of germinating conidia. 
B. Camera lucida drawing 3 6 hours after germination of conidia. 
C. Camera lucida drawing 60 hours after germination of conidia. 
D. Camera lucida drawing of section of stroma producing asco-
spores within, and conidia on the surface. 
E. Camera lucida drawing of section of mycelium grown in cul-
ture, producing conidia. 
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PLATE V 
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DESCRIP'l'ION OF PLATE VI 
A. Microphotograph of cross section of a stroma. The spores had 
been expelled from several of the perithecia. 
B. Microphotograph (much enlarged) of two of the perithecia 
shown in A. Asciand ascospores of all degrees of maturity are shown. 
The light colored spores are still immature. 
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PLATE VI 
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DESCRIPTION OF PLATE VII 
A. Camera lucida drawing of ascus and ascospores, when first 
removed from the stroma and the same after germinauon or the asco-
spores. 
B. Camera lucida drawing of ascospores 36 hours after germina-
tion. 
C. Camera lucida drawing of ascospores 60 hours after germina-
tion. 
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PLATE VII 
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DESCRIPTION OF PLATE VIII 
A. Microphotograph of a single hypha in pure culture showing 
the manner of branching. 
B. Microphotograph of a hypha several days older than the one 
shown at A. 
C. Microphotograph of ascospores 6 0 hours after germination. 
D. Microphotograph of germinating ascospores . 
• 
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PLATE VIII 
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DESCRIPTION OF PLATE IX 
A, B, C, and D. Microphotographs of longitudinal sections of 
apple wood showing invading hyphae. 
In A, the hyphae are shown in the medullary ray cells as well as 
in the tracheae. 
In C, the hyphae are shown passing thru the pitted walls of two 
adjoining tracheae. 
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PLATE IX 
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DESCRIPTION OF PLATE X 
A and B. Microphotographs of cross sections of apple wood show-
ing invading hyphae. 
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PLATE X 
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DESCRIPTION OF PLATE XI 
A. Camera lucida drawing of longitudinal section of apple wood 
showing invading hyphae. The wood cells are not broken down but 
the hyphae pass from one to the other thru the pitted walls. 
B. Camera lucida drawing of cross section of apple wood and 
invading hyphae. 
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PLATE XI 
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DESCRIPTION OF PLATE XII 
Arrangement of trees which were supplied with nutrient solutions, 
showing where water supply was controlled. 
Trees in three rows at the right and those in the foreground on 
the left are growing in nutrient solution. The jars were buried in soil 
to prevent injury to roots by heat. Solutions supplied thru small 
jars at 1. 
Trees in the left background grown in covered half-barrels. Water 
was added thru holes in the covers, in which corks were fitted. 
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PLATE XII 
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DESCRIPTION 01? PLATE XIII 
A. Making cut in w h ich to inser t inoculum. In this ins t a nce a 
half-inch wood chisel was used. 
B. Inserting inoculum in wound. 
C. Covering inocula tion with sterilized cotton, and covering this 
in tu r n with a squ a r e of paraffined cloth. 
D. Putting on the prot ective covering of cloth which h as been 
saturat ed wi th grafting wax. in the upper right-hand cor n er of C is 
a finish ed inocula tion sh owing wra pping and zinc la bel. 
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PLATE XIII 
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DESCRIPTION OF PLATE XIV 
Cross sections of trunk and bran ches of Ben Davis tree, which was 
st a rved by h aving a portion of the root system removed , and inocula ted. 
The tree cut off just above the ground. Cross sections 2 inches 
thick were removed a t a pproximately 1 6-inch intervals . These blocks 
were planed a nd photogr aphed . The crown and roots were a lso du g 
up and examined. 
A. Crown ·of t r ee. As shown in the photograph little of the 
in fec tion extended into the roots . One root, however, n!ch was close 
to the surface of the gro und was infected for sever a l feet. Infecti on 
emer ged below the crown of the tree. 
B. Two sections of t r unk and two sections of ma in limb. 
C a nd D. Branches a ttached to the lower right-hand block in B . 
E. Branch attached to opposite lower left-hand block in B. 
In fec tion was close to th e surface over the entire tree. One ch a r-
ac teri s tic canker was fo r med on bra nch D. 
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PLATE XIV 
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DESCRIPTION OF PLATE XV 
Cross sections of trunk and branches of Jonathan tree treated as 
described in plate XIV for Ben Davis. 
A. Crown of tree. As in the case of the starved Ben Davis, the 
canker infection emerged at the bottom. However, none of the roots 
were infected. 
B. One section of trunk and eight sections of main limb. 
C. Eight sections of main limb attached opposite limb shown in 
B. The last section was not infected. Infection did not extend as far 
longitudinally or laterally as in the case of the Ben Davis trees treated 
in the same way. 
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PLATE XV 
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DESCRIPTION OF PLATE XVI 
Ben Davis tree inoculated but not starved. 
A. Crown of tree. The infection here was slight but emerged 
thru a crack below. 
3 
2 
B. 
c. 
in B. 
in B. 
One section of trunk and eight sections of main limb. 
Lower series, five sections of limb attached just above section 
Upper series six sections of limb attached opposite section 
The last section in a ll cases was free from infection. 
The amount of infection was cons iderably less both longitudinally 
and laterally than in the case of the starved Ben Davis. 
No cankers were formed . 
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PLATE XVI 
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DESCRIPTION OF PLATE XVII 
Jonathan tree inoculated but not starved. 
A. Crown of tree. No infection extended below the crown. 
B. One section of t r unk and six sections of one main limb. 
C. Five sections of main limb attached opposite limb in B. 
The amount of infection was less than in the case of the unstarved 
Ben Davis or the starved Jonathan. 
No cankers were formed . 
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PLATE XVII 
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DESCRIPTION OF PLATE XVIII 
Jonathan tree infected by wild inoculation thru frost cr ack in 
trunk. 
A. Crown of tree. Infection did not extend into the crown. 
B. Two cross sections of trunk, one longitudinal section between 
the two cross sections and one between lower cross section and crown. 
Longitudinal sections show the depth of the frost crack and accom-
panying infection. 
C. Sections of two main branches showing a slight amount of · 
infection. 
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PLATE XVIII 
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DESCRIPTION OF PLATE XIX 
A. Cankers resulting from pure culture inoculations on stubs. 
B. Canker resulting from pure culture inoculation in xylem. 
C. Cankers resulting from ascospore inoculation on stubs. 
D. Canker resulting from ascospore inocuiation in heartwood. 
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PLATE XIX 
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DESCRIP'l'ION OF PLATE XX 
One of the · older Nebraska orchards. On tl,e left a Jonathan 
block. All the trees are still bearing heavily. On the right a Ben 
Davis block planted at the same time and cared for in the same way. 
The picture tells its own story. 
Blister Canker 109 
PLATE XX 
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DESCRIPTION OF PLATE XXI 
Another Nebraska orchard. The trees are all Ben Davis. Nearly 
all are dead. All will be dead in another year or two. 
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PLATE XXI 
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DESCRIPTION OF PLATE XXII 
Injuries which permit ready infection. 
A. Tree split by frost. 
B. A poor job of pruning. 
C. Combination of sun scald and borer injury. 
D. Tree injured at the base by mice. 
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PLATE XXII 
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DESCRIPTION OF PLATE XXIII 
Ben Davis tree infected with canker. All the wood more than two 
year,s old and in many places all but the one-year-old wood was 
infected. 
This shows the futility of attempting to control canker by cutting 
it out. 
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PLATE XXIII 
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DESCRIPTION OF PLATE XXIV 
Methods of treating canker. 
A. Cankered limbs were removed but, as shown at points 1 and 
2, a ll ' the wood except that formed during the last year was infected. 
The next year cankers appeared on the remaining limbs. 
B. Cankered limb r emoved but the canker is spreading up and . 
down the trunk. 
C. Nearly half of the bark and a portion of the wood was 
removed for a distance of nearly s ix feet, and the wound covered. This 
is a useless expenditure of time and money. 
D. A cankered limb was removed and an attempt made to re-
move all infected wood. It was found impossible to remove all of 
the diseased wood. Two years after treating canker appeared at 1 
and 2. 
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PLATE XXIV 

